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ABSTRACT 

 
Oil was extracted from Senna Tora (“Tafasa”) seeds and laboratory analyses were conducted to determine 

lubrication, cooling, and fuel properties of the oil. Results obtained were compared with PI and ASTM 

standard limits.  The results showed that the oil had specific gravity of 1.153 kg/L at 30
0
C, Kinematic 

viscosity of 22.20 Cst at 100
0
C, pour point of -5

0
C, thermal conductivity of 0.381w/mk at 32

0
C, specific 

heat capacity of 4.1J/kgK, ash content of 1.07% and moisture content of 12.27%.  These properties were 

found to have satisfied both the PI and ASTM standard limits for lubrication and cutting fluid applications, 

but was however not suitable as fuel due to the absence of combustible fuel properties.  The oil was 

therefore found to be suitable for lubrication and cutting fluid applications. 
 

SIGNIFICANCE: This work can help in bio-

lubricants and cutting fluid production from the 

local plant Senna-Tora (“Tafasa”) seeds oil. The 

application of the oil by local industries would 

bring down operation cost, reduced over 

dependence on foreign raw materials and also 

create employment opportunities for 

sustainability. 
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1.0 INTRODUCTION 
 

Nigeria is blessed with abundance of agricultural 

and mineral resources which if fully harnessed, 

would reduce the level of over dependence on 

foreign raw material, for industrial production.  

The potentials of local resources and the ability 

to develop and harness them for various purposes 

would not only reduce the level of poverty in the 

society but also create employment opportunities. 

There are many varieties of agricultural seeds 

obtainable locally that can produce oil for 

various purposes ranging from oil for food and 

skin care products to industrial applications such 

as lubricant and cutting fluids. 

One of the common seeds available is the Senna-

Tora (“Tafasa”) seed.   It is perhaps the most 

abundant wild seed found throughout the Sahel 

and Savannah regions of West Africa. It is 

commonly found on land, river banks, and water 

points in farm/range etc. However, the suitability 

of its application depends on the physico-

chemical properties of the oil.  These properties 

include viscosity which is an important 

parameter in lubricants and cutting fluids.  In this 

work attempt was made to study the seeds 

potential by extracting and characterising its oil 

for the production of lubricants, cutting fluids, 

and other engineering applications as alternatives 

to conventional products. 

The over dependence of raw materials from 

foreign markets had greatly affected the capacity 

of indigenous industries in Nigeria to produce 

products at affordable prices due to high tariff 

and manufacturing cost. 

The search for local raw materials for industrial 

use will reduce the level of dependence on the 

supply of raw materials. This necessitated the 

study on the extraction and characterisation of 

the oil from the seeds. 

The development of local resources and their 

application in the manufacturing sector would 

bring down operational cost and also create 

employment opportunities. The level of over 

dependence on raw materials from foreign 

market would also be reduced. 

This study investigated the viability of Senna–

Tora (“Tafasa” Seeds) oil as raw material for the 

production of lubricants and cutting fluids as 
potential substitute to conventional fluids and 

lubricants 

Suleiman, B. And Umar, A.A. 
95 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.5 NO.2, AUGUST, 2010 

  

The aim of the study was therefore to extract and 

characterise the oil from Senna–Tora seeds for 

engineering application. 

 

2.0 LITERATURE REVIEW 

Research and technological 

innovation/adaptation are among the basic 

ingredients for the attainment of self reliance in 

the productive sector of any nation.  Research 

efforts in production and technology have been 

an important area of study especially for the 

utilisation of locally available resources for 

improvement that would gradually lead to 

positive attainment. 

Annually, forty (40) million tonnes of lubricants 

are consumed worldwide, and are used in 

everything ranging from car engines to office 

chairs.  The most common types of lubricant are 

petroleum based.  As the idea that oil may 

someday be depleted, industries have been 

searching for cheap renewable sources of 

lubricant.  Bio based lubricants have been the 

most promising as they have useful physical 

properties (Trans World, 2009)  

Bio- based lubricants are currently used in a 

limited number of environmentally – sensitive 

industrial applications such as agricultural 

machinery or machines in close proximity to 

water.  Bio -based lubricants are also sometimes 

used in consumer goods such as petro/bio 

lubricant motor oil blends, but the high 

concentration of petroleum makes them harmful 

to the environment (Trans World, 2009). 

Conventional lubricants are more commonly 

used than bio based lubricants because they are 

cheap.  Bio-based lubricants are attractive 

alternatives because of their useful physical 

properties, and they are clean and renewable. 

(Theolen and Orlogee, 2002) 

There are many petrol-lubricant alternatives 

available, they include synthetic or animal fat 

lubricants, but lubricants derived from vegetable 

oil have received most attention due to a number 

of their useful physical properties.  Bio-based 

lubricants have a higher lubricity, flash points, 

and stable viscosity indices. They are clean and 

renewable and easily disposed of as they are non 

– toxic and biodegradable.  These properties 

make bio based lubricants an attractive 

alternative to petrol based lubricants (Honary, 

2001). 

One of the primary functions of cutting fluids in 

machining is to cool the work piece by efficiently 

removing heat away from the cutting zone.  

Cutting fluid heat transfer in machining depends 

on the nature of the fluid formulation and the 

application strategy chosen for the particular 

operation (Chao and Trigger, 1958). 

Cutting fluids used in metal machining may be 

broadly classified into water miscible fluids and 

straight oils.  Water miscible fluids are widely 

used for a variety of machining operations and 

are of three types – soluble oil emulsions, 

synthetic and semi – synthetic fluids 

(Strenkowski and Moon, 1990). 

The use of bio oil for metal working began as an 

alternative to conventional oil because they 

produce less smoke and contain no chlorine or 

sulphur. They reduce or eliminate dermatitis 

tissues, retooling costs and increase production 

(Akpobi and Enabulele, 2002). 

The conventional properties of lubricants and 

cutting fluid are given by ASTM and they 

include; Kinematic viscosity, Viscosity index, 

Pour Point, Flash and fire points 

Oil extraction can be done mechanically with an 

oil press, expeller, or even with a wooden mortar 

and pestle.  Pestle range from small hand – 

driven models that an individual can build to 

power driven commercial presses.  

The ram presses used a piston inside a cage to 

crush the seed and force out the oil.  Preparation 

of the raw material often includes removing 

husks or seed coats from the seeds and separating 

the seeds from the chaff (Morphy, 2002). 

Oils can also be extracted with solvents but 

solvent extraction is a complex and costly 

operation.  It also has risks due to fire and 

explosions from solvents and the sheer 

complexity management of solvents such as 

hexane is a problem as well (Theoleen and 

Orlogee, 2002). 

A lot has been discovered from various plant 

seeds and their general application ranging from 

cosmetics, pharmaceuticals, biodiesel production, 

as well as other engineering applications. 

However, the use of Senna-Tora seeds for any 

form of application particularly engineering 

based, and the suitability of its properties remain 
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an important area of research for the benefit of 

local industries. 

While other researchers have dwelled on the oil 

extraction procedure necessary to produce oil 

from seeds, crops, and plants, this work is 

particularly aimed at looking at the properties of 

Senna-Tora seed oil for lubrication, cutting 

fluids, and use for fuel.  

 

3.0 MATERIALS AND METHODS 
 

3.1 Materials 
A large quantity of the seeds was obtained from 

Sokoto, North West Nigeria.  It was properly 

cleaned and decoaticated, chaff was also 

removed by compact fanning method. Two 

kilograms weight of the seed was blended and 

crushed by mechanical means. The product was 

mixed with 2.5 litres of water and heated for 2 

hours. About 1.5 litres of oil was obtained from 

the process. The oil extracted from the seeds 

contained some residue and traces of water.  This 

requires further processing to purify the oil so as 

to obtain the necessary parameters required, thus 

the mixture was further heated until all the trace 

of water was removed. The oil was then filtered 

through a (20 x 10cm) fine filter cloth, and 

clarified by leaving it undisturbed for a day and 

then the upper layer was removed. 

 

The application of oil to a particular process 

depends on the properties of the oil and the 

parameters required for the process.  The most 

important parameters for lubricants, fuels and 

cooling in engineering application are the 

viscosity, viscosity index, pour point, flash point, 

moisture content, ash content, specific heat 

capacity, thermal conductivity and specific 

gravity. The properties of the oil were 

determined using the equipment/apparatuses 

shown in Table 1. The analysis of the oil based 

on the above parameters was carried out and the 

results obtained were tabulated. 

 

Table 1: List of apparatus and equipment used 

 

S/N INSTRUMENTS/EQUIPMENT MODEL MANUFACTURER 

1. Closed cup flash point tester Stanhope – Seta Stanhope – Surrey UK 

2. Centre glass - - 

3. Gas chromatography 

machine 

Agilent 1225532 Agilent network GC 

4. Hydrometer - - 

5. Viscometer TV 4000 Petro test England 

6. Refrigerator Stanhope – seta Survey United 

Kingdom 

7. Stop watch Digi – Tech 0.9T Digi – Tech China 

8. Thermometer - - 

9. Vacuum pump Knf Neuberger 78 CDE – 

0530 

Neuberger, Germany 

10. Weighing balance Mettler Balance DT 100 Mettler Switzerland 

11. Wooden mortar pestle - - 

12. Fine filter cloth - - 

13. Muffle turnace Lenton Furnace 91E Eurotherm UK 

14. Oven Galteb Kamp Gallen Kamp U.K 

15. Heating Mantle Aiset NE 6000 Aiset Germany 

16. Separating Funnel Pyrex Pyex England 

17. Calorimer - - 

18. Voltmeter - - 

19. Ammeter - - 

20. Plexi glass - - 

21. Thermistor - - 
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3.2 Methods 

3.2.1 Determination of Kinematic Viscosity: 

The kinematic viscosity of the specimen oil was 

determined using a Viscometer TV 4000 and 

experimental procedures specified by IP 1/97 and 

ASTM D445 – 96. The procedure was repeated 

three times and the average result was calculated 

as indicated in Table 2. 

 

3.2.2 Determination of Specific Gravity: 

Hydrometer was used as this is the common 

method of measurement of specific gravity.  It is 

based on the use of a weighted glass with a 

calibration vertical stem. The results were 

calculated and reported in Table 2. 

 

3.2.3 Determination of Pour Point: The pour 

point of the specimen oil was determined using 

the experimental procedure and equipment 

specified by IP 15/95/ and ASTM D97 – 96 

Method. The procedure was repeated three times 

and the average result was calculated as indicated 

in Table 2. 

 

3.2.4 Determination of Closed Flash Point: 
Flash point measures the response of the sample 

to heat and flame under controlled laboratory 

conditions.  It is only one of a number of 

properties which must be considered in assessing 

the overall flammability hazard of a material. 

The flash point of the specimen oil was 

determined using the experimental procedure and 

Stanhope-Seta as specified by IP 34/88 and 

ASTM D93 – 94 (Pensky-Martens Method). The 

process was repeated until the test flame applied 

cased a distinct flash in the interior of the cup.  

The flash point was read from the thermometer 

and recorded (IP, 2010). 

 

3.2.5 Determination of Moisture Content: 
Moisture was determined by heating a known 

weight of a sample at 105
0
C – 110

0
C for 60 

minutes and finding the loss in weight of the 

sample. The experiment was carried out and 

replicated three times and average result was 

recorded. The moisture content was calculated 

using the expression. 

1 2

1 0

  (%) 100
W W

Moisture content X
W W





---- (1) 

                

Where:  Wo  =  Weight of the crucible; W1  =  

Weight pf crucible + sample; W2  =  Cooled 

weight of crucible + sample 

 

 

3.2.6 Determination of Ash Content: A 

known weight of the powdered air dried sample 

was completely oxidized and weighed. A 

crucible was heated on a Bunsen burner, and then 

cooled in desiccators.  The crucible was weighed 

and the procedure was repeated until a constant 

weight of the crucible was obtained (W0).  The 

sample (2g) was transferred into the empty 

crucible and then weighed again (W1).  The 

crucible containing the sample (without lid) was 

placed in a furnace, and heated to 400 – 450°C 

for 80 minutes.  The furnace temperature was 

later increased to 1000°C for 1 hour.  The 

crucible containing the sample was cooled in 

desiccators and weighed (W2). The experiment 

was carried out and replicated three times and 

average results were recorded. The ash content 

was calculated thus: 

 

1 2

1 0

  (%) 100
W W

Ash content X
W W





  ------  (2) 

      

Where:  W0 = Weight of the crucible; W1 =  

Weight of crucible + sample; W2 = Cooled 

weight of crucible + sample 

 

 

3.2.7 Determination of Specific Heat 

Capacity: The specific heat capacity of a 

substance is the amount of heat required to raise 

the temperature of unit mass of liquid through 

1K. A copper calorimeter together with a copper 

stirrer was weighed, first empty, and then when 

about three quarters full of oil.  A heating coil is 

placed in the water and is supported by a cover 

which has holes to take the stirrer and 

thermometer.  The calorimeter is highly polished 

and is supported on a poor heat conductor inside 

a polished outer jacket. 

 

The oil was connected in series with a d.c. 

supply, an ammeter, a rheostat and plug key.  A 

voltmeter was connected directly across the coil 

terminal.  The current was adjusted until there 

was a rise in temperature of about 10K in 5 

minutes.  The current was then switched off and 

the oil was stirred where initial reading was 

recorded. 

 

Having taken the initial temperature of the liquid, 

the current was switched on again and 

simultaneously a stop clock was started.  The 

voltmeter reading was also recorded as the steady 

current was maintained for 5 minutes and the oil 

was continuously stirred.  At the end of the 5 

minutes the current was switched off and the 

final steady temperature of the oil was recorded. 

Assuming the specific heat capacity of copper to 

be 0.40J/kg, the specific heat capacity would be: 

 

10.40tVI M
C

M


   ---   (3) 
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Where: C = Specific heat capacity f oil; M1 = 

Mass of calorimeter and stirrer; M2 = Mass of 

calorimeter, stirrer and oil; M = Mass of oil = 

(M2 – M1); θ1 = Initial temperature of oil θ2 = 

Final temperature of oil; θ = Rise in temperature 

= (θ2 – θ1); I = Current; V = voltage across heater 

oil; t = Time.  

The experiment was conducted three times and 

the average result was recorded. 

 

3.2.8 Determination of Thermal 
Conductivity: Thermal conductivity is defined 

as the amount of heat passing through a cross 

section and causing a temperature difference over 

a distance. The measurement of thermal 

conductivity involves the measurement of the 

heat flux and temperature difference.   

 

The plexi glass was first assembled by placing 

the gasket on its bottom and screwing the piece 

into place.  The oil was then loaded by means of 

a syringe it was done slowly around the gap until 

it begins to come out of the top.  The oil coming 

out of the top indicates that the apparatus is 

completely filled. 

 

At this point the heater was inserted, the top 

gasket was also put in place and the top cap was 

screwed on. The thermistor pairs were zeroed 

using Aiset NE 6000 constant temperature cell.  

After zeroing them, the thermistors were coated 

in thermal cote and put into place, this allows 

contact between the thermistors and the copper 

after which the thermocouple was also put into 

place and the oil flows.  Once the flow begun the 

heater was then turned on and the apparatus was 

allowed to heat to steady states, and this was 

achieved when the thermistor measurement was 

stabilized. 

 

The steady state temperature and heater voltage 

were then recorded and the oil thermal 

conductivity was calculated and recorded. 

 

T

L

Q
AK

D
D


-------       (4) 

 

Where  Q is the amount of heat passing through 

a cross section, A, causing a temperature 

difference DT over a distance DL; Q/A is the heat 

flux which is causing the thermal gradient, 

DT/DL. 

 

3.2.9 Determination of Fuel Property of 

Oil: The sample was mixed with saturated 

toluene and was found not to be miscible.  The 

discovery suggests that the sample does not 

contain hydrocarbon. The absence of 

hydrocarbon in the mixture makes it in–

significant to proceed in determining other 

chemical and quality properties of the oil, such as 

sulphur, and water sediment etc. 

 

4.0 RESULT AND DISCUSSION 
 

The results of the laboratory analyses on 

Lubrication, Cooling, and Fuel properties were 

given in Tables 3, 4, and 5. The characterization 

of Senna–Tora seeds’ oil was based on IP and 

ASTM standards. The properties were analysed 

on the basis of the application for Lubrication, 

Cooling and as Fuel. 

 

Table 2: Experimental Results of Properties of Senna–Tora Seeds Oil 

 

PARAMETER UNIT TEST RESULT 

Specific Gravity kg/L 1.153 

Viscosity Index - - 

Pour Point °C -5 

Flash Point °C - 

Specific Gravity at 30
0
C kg/L 1.153 

Specific Heat Capacity kJ/L 4.100 

Kinematics Viscosity cSt 22.20 

Thermal Conductivity W/mK
 

0.381 

Specific Gravity 60/60
0
F kg/L 1.0613 

Kinematic Viscosity cSt 22.20 

Ash Content % wt 1.07 

Water & Sediment % Vol 12.27 
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Table 3: Results of Lubricating Properties of Senna–Tora (“Tafasa” Seeds) Oil and Standard Limit 

for Lubricants 

PARAMETER UNIT TEST METHOD TEST RESULT 

“TAFASA” OIL 

STANDARD LIMIT 

IP ASTM 

Specific Gravity kg/L - 1298 1.153 - 

Viscosity Index - 226 2270 - 95 min 

Viscosity 210
0
F cSt 71 445 22.20 30.5 – 32.5 

Pour Point 
°
C 15 97 -5 -9 max 

Flash Point 
°
C 34 93 - 226 min 

 

 

 

Table 4: Test Results of Cooling Properties of Senna–Tora Seeds Oil and Standard Limit for 

Coolants 

 

PARAMETER UNIT TEST METHOD TEST RESULT 

“TAFASA” OIL 

STANDARD LIMIT 

IP ASTM 

Specific Gravity at 30°C kg/L - 1298 1.153 0.929 

Specific Heat Capacity kJ/L - E1269 4.100 0.129 – 14.267 

Kinematics Viscosity cSt 71 445 22.20 30.5 – 32.5 

Thermal Conductivity W/mK
 

- D2717 0.381 0 – 10 

 

 

4.1 Lubricating Properties  

      
The specific gravity of the oil shows that it has 

comparatively high density.  The high density 

property of the oil means that it will not exhibit 

high temperature variation and this will have 

significant impact on relatively moving parts.  

This type of oil is useful in pumps, and heavy 

duty machineries. The oil had high viscosity 

Index (High viscosity index base oil, (BRIGHT 

STOCK) but below the ASTM standard limit.  

This variation may be due to non oxidative 

stability of the oil which is commonly inherent in 

bio – base oil. The application of this type of oil 

is usually on pumps and equipment with heavy 

load carrying capacities. 

The pour point of the oil is the lowest point at 

which the oil would flow, in a prescribed period.  

The lowest point at which the oil would flow was 

– 5 at 15°C, this suggests that, the oil can be 

useful as lubricant even in cold temperature 

regions. The result has also indicated that, it is 

within the acceptable standard limit of ASTM. 

The oil at 900
o
C could not form a flash.  This 

implies that, it has a very high flash point. This 

makes it safer for use, storage and transportation. 

 

4.2 Cooling Properties (Cutting Fluids) 
The cooling properties of the oil were reported in 

Table IV.  The result has shown that the oil can 

influence temperature and heat transfer in 
machinery operations.  The oil if applied at the 

cutting zone can reduce chip temperature and 

hence affect the friction force at the chip tool 

interface. The experimental result has shown 

that, the thermo physical properties of the oil 

have comparatively positive effect on heat 

transfer performance, hence adequately suitable 

for the application. 

The specific heat capacity results show that the 

oil has a specific heat capacity of 4.1 kJ/kg.  This 

is almost within the range of water and lithium of 

4.184kJ/kg and 3.56kJ/kg respectively. The 

results also show that, the quantity of heat 

required to raise the temperature of the oil is high 

thus, making it efficient means of cooling. The 

experimental value also falls within the allowable 

standard limit of oil under ASTM/IP standard. 

The thermal conductivity result shows that the oil 

has a thermal conductivity of 0.381W/mK, which 

is above that of glycerine 0.28W/mK and 

ethylene glycol 0.25W/mK.  Thus, the oil has the 

suitable property to take away the heat from the 

cutting zone, which signifies a greater impact on 

the convective heat transfer performance. The 

result also falls within the acceptable limit of 

ASTM/IP standard. 

 

4.3 Fuel Properties  

The result on the fuel property of the oil shows 

that there were no hydrocarbons in the sample.  

The sample was added to a solution of saturated 

toluene and the two were not miscible. It was 

also observed that, the specific gravity, of the oil 

was more than the acceptable standard limit 

based on ASTM standard this also suggests that 
it is heavier than the conventional product.  The 

absence of hydrocarbon in the oil limited the 

investigation to proceeds to other properties. 
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Table 5: Test Results of Fuel Property for Senna–Tora Seeds Oil and Standard Limit 

 

PARAMETER UNIT TEST METHOD TEST RESULT 

“TAFASA” OIL 

STANDARD 

LIMIT IP ASTM 

Specific Gravity 60/60°F kg/L 160 D 1298 1.0613 0.820 min 

Colour - - D/500 - 3 max 

Diesel index - 21 - - 47 min 

Distillation 
°
C 128 86 - - 

Recovered 357°C % Vol - - - 90 min 

EBP 
°
C - - - 365 max 

Flash point 
o
F - - - 150min 

Total sulphur %wT - 1552 - 0.5 max 

Copper corrosion (3hr 

100°C) 

 154 130 - No 1 strip max 

Kinematic Viscosity cSt 71 445 22.20 1.6 – 5.5 

Cloud point 
o
F 219 2600 - 40 max 

Carbon Residue 5 wt 13 189 - 0.15 max 

Strong Acid Number mg/koltgt 139 974 - Nil 

Total Acid Number mg/KoHgt 139 974 - 0.5 max 

Ash Content % wt 4 482 1.07 0.01 max 

Water by Distillation % Vol 74 95 - 0.05 max 

Sediment by Extraction % wt 53 473 - 001 

Water & Sediment % Vol 1796 - 12.27 - 

 

 

 

5.0 CONCLUSION 
 

The oil has exhibited qualities suitable for both 

lubrication and cooling.  However, there were 

some variations in the viscosity between the 

petrol based lubricants and Senna–Tora seeds oil 

due to the non oxidative stability commonly 

inherent to all bio – seeds oil. The performance 

may be enhanced by additive reformulation to 

extend the thermal performance of the lubricant.   

In general, the lubricanting and cooling 

properties of the oil are within the acceptable 

limit of IP/ASTM standard.  The lubricant can be 

used in lubricating pumps, switches and ropes 

where lubricants can directly move in to the 

environment. The investigation on the oil also 

revealed that it could not be used as fuel because 

of the absence of combustible properties. It’s 

hoped that the use of Senna–Tora seeds oil would 

eventually reduce the level of dependence on 

foreign raw materials by the local industries and 

also create employment opportunities to many of 

Nigerians. 
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Appendix I: IP and AS 

TM Lubricating Property Standard Limit 

PARAMETER UNIT TEST METHOD LIMIT 

IP ASTM 

Specific Gravity kg/l - 1298 - 

Viscosity Index - 226 2270 95 min 

Viscosity 210
0
F cSt 71 445 30.5 – 32.5 

Pour Point °C 15 97 -9 max 

Flash Point °C 34 93 226 min 

Appendix II: IP and ASTM Cooling Property Standard Limit 

PARAMETER UNIT TEST METHOD LIMIT 

IP ASTM 

Specific Gravity 

at 30
0
C 

kg/L - 1298 0.929 

Specific Heat 

Capacity 

kJ/L - E1269 0.129 – 14.267 

Kinematics 

Viscosity 

cSt 71 445 30.5 – 32.5 

Thermal 

Conductivity 

W/mK
 

- D2717 0 – 10 

Appendix III: IP and ASTM Fuel Property Standard Limit 

PARAMETER UNIT TEST METHOD LIMIT 

IP ASTM 

Specific Gravity 

60/60°F 

kg/L 160 D 1298 0.820 min 

Colour - - D/500 3 max 

Diesel index - 21 - 47 min 

Distillation °C 128 86 - 

Recovered 357°C % Vol - - 90 min 

EBP °C - - 365 max 

Flash point 
o
F 54 93 150min 

Total sulphur %wT - 1552 0.5 ax 

Copper corrosion 

(3hr 100°C) 

 154 130 No 1 strip max 

Kinematic 

Viscosity 

cSt 71 445 1.6 – 5.5 

Cloud point 
o
F 219 2600 40 max 

Carbon Residue 5 wT 13 189 0.15 max 

Strong Acid 

Number 

mg/koltgt 139 974 Nil 

Total Acid 

Number 

mg/KoHgt 139 974 0.5 max 

Ash Content % wT 4 482 0.01 max 

Water by 

Distillation 

% Vol 74 95 0.05 max 

Sediment by 

Extraction 

% wT 53 473 001 

Water & 
Sediment 

% Vol 1796 - - 
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