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DETERMINATION OF ̂ RY RUBBER CONTENT OP LATEX BY BUOYANCY 
METHODt(l)

( CHEN YU SAN)
( Rubber Plantation Research Centre, South China Tropical 
Crops Scientific Research Institute•)

Summary
Experiment was conducted to determine the pattern of variations 

between dry rubber content of latex and the specific gravity of dry rubbe 
produced by six varieties of rubber trees cultivated in the Hainan 
island. While the dry rubber content was within the range of l?tta:^5 .1̂9 
the dry rubber specific gravity was in tjie range of 0.915‘̂to 0.909#
That is, higher is the dry rubber content, lower is the specific 
gravity. When a sample of 10 grammes.-form a thickneaa of less than 
or equal to 2 millimetre to the new rubber slice, immerse it in water 
for 1.5 hours in order to remove the soluble nonrubber contents. The 
determination factor of this method and the degree of accuracy are 
compared with the weighing method. Special features of this method 
are: the buoyancy of the new rubber slice which is determined inside 
water and the buoyancy of dry rubber whose weight is already known 
are mutually compared, then the weight of dry mibber within it can be 
calcjilated. No electric power or oven is required and any basic level 
production unit can use this method. Result can be obtained within 
2.5 hours after sampling; variation in analysis is about 0.5

Introduction
DeteiminatioQ of dry rubber content in the latex is of great
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importance in the production o£ rubber as well as in scientific 
experiments* It not only commands and grasps the production, as well 
as the quality of rubber trees, but also is the major basis fot* the 
rubber workers to get better rewards* At the same time, it is also 
one of the important means which influences the various factors related 
to the growth and production of rubber which the scientific research 
personnel have understood and on which research is conducted. There­
fore, all along people attach great importsince to this. During 1973> 
the Rubber Institute of Malaysia listed 15 types of analysing method^*t2)

These methods are divided into two major categories. No. 1 is the 
weight method and No. 2 is the hydrometer method* No. 1 method is 
accurate, but the einalysing speed is considerably low. Thoiigh the 
second method is fast, variation is high. Since recent 30 years, the 
experts of our country have carried out lot of work in this aspect and 
there is development to certain extent. But, up till now, the method 
used by basic level production unit is simple, convenient and fast, 
but a basically accurate method has not yel? been established. For 
this purpose, experiments were conducted based on Archimedes principle 
and this new method has been advanced to determine the dry rubber 
content in the rubber latex—  the buoyancy method.

I. Principle
According to Archimedes’ principle, when a body is immersed in a 

gas or liquid, that gas or liquid exerts a vertically upward thrust 
( buoyancy ), the amount of this force is equal to the weight of the 
same volume of gas or liquid displaced by the body. Water is a kind 
of liquid, its specific gravity is taken as 1, the buoyancy which is 
received by the rubber slice is numerically equal to the volume ( in



cubic centimetre) of water displaced by it*
Suppose the weight in the air of new rubber 
slice containg water is 
Weight inside water of new rubber slice 
which contains water be
7hen the volume of new rubber slice is 
Hence specific gravity of this rubber 
slice is
Again, suppose the dry rubber weight of 
this rubber slice-is

** suppose the specific gravity of 
pure rubber is 

Then the volxame of dry rubber inside this 
rubber piece is
Since the voliime of water inside this 
rubber piece is
Hence the volume of this rubber piece also is

Therefore the specific gravity of this rubber 
piece is

By (1) and (2) we get the formula 

Or

^ grams

y grams 
X-y cu.cm

. X
( 1 )

R grams

B cu* cm

X-R cu.cm
X-R+R- c u i c m

. . .  . ( 3 )

H =  Y . ( 3 n X

Prom formula (3) it can be seen that (1) the weight Y of new 
rubber piece inside the water and the weight of dry rubber 
within the rubber piece become directly proportional, (2)



change in specific gravity (d) of rubber resulted to change of 
d-1
3 effecting the analysis f (3) when the specific gravity of the
weighed body is less than 1, the body floats, Y becomes negative. 
When the specific gravity of rubber is less than 1, Y becomes 
negative. (4) When the specific gravity of the weighed body is 1, 
Ys=0* Specific gravity of water is 1, hence the water content in 
the rubber piece will not have any effect on the analysis. There­
fore using suitable instruments by weighing the buoyancy of rubber 
piece having water content inside water, the dry rubber content in 
it can be obtained.

II. Testing equipments and Materials
!• Latex sample: Presh latex having different rubber content 

from 6 varieties of rubber trees such as PR 107f PRIM 600, PB 86, 
GTl, Hai Ken 1, and Shi Sheng Shu produced by No. 5 Unit of 
Experimental Agricultural Farm of this Institute.

2. Bquipments; Analytical balance, Open-sided torque balance 
of sensitivity 0.001 gram, table balance of sensitivity in the 
range of 0,05 to 0.1 gram/one each and Dry rubber analyser^l 
(sketch 2 E) / table balance of sensitivity 0.01 gram

3- 3^ Acetic acid.
III. Method of experiment and Result.

(A) Pattern of variations between dry rubber
content of latex and dry rubber specific gravity.

The aim of conducting this experiment is to find out the effect 
on the result of analysis when * d ' changes. Method of analysisg 
the dry rubber content in the latex and the specific gravity of 
dry rubber are as follows:

Sampling of latex, solidifying, pressing eind immersing in 
water are similar to SKrtxaH 1, 2, and ‘3 of Section IV of this 
article, however, keep immersed in water overnight, dry the rubber 
piece inside oven at 70°C, Take the weight using Analytical Balance



and calculate the dry rubber content. Afterwards, taice an open­
sided Torque Balance having weighing capacity of 500 milligrams 
and sensitivity of 1 milligram; using a thin nylon thread , suspend 
a small wire hook at the lower end and the upper end to the arm
hook "til© balance, immerse the small wire hook in distilled water
at Adjust the total weight to 500 milligrams. Suspend
each rubber piece on small wire hook, immerse them in water and 
determine the buoyancy. Afterwards calculate the specific gravity 
of each rubber piece using formula No. 1 of Section 1.

Pattern of variations between the dry rubber content of
different breeds ( 27 seimples of each breed ) and the specific 
gravity of dry rubber are shown in sketch 1.

Sketch 1.
Sketch No.l shows the following In the latex where the dry 

rubber content is higher, its specific gravity is lower. In five 
breeds of PB 86, PR 107f RRIM 600, Hai Ken 1 and Shi Sheng Shu, the 
five cxirves showing the relationship between their dry rubber 
content and dry rubber specific gravity are fairly close, for this 
curve No.l is drawn taking their average value. The c\irve of GT 1 is 
almost a straight line(curve 2) and its specific gravity is slightly 
higher than previous 5 breeds.

J^l^jdry rubber specific gravity iB-as good as the Malaysian 
rubber, when the dry rubber content is within the range of 259& to 
45^ the variation in diy rubber specific" gravity is in the range 
of 0.0006 to 0.0030* When the dry rubber content is below 25^ > the 
variation is in the range of 0.0057 to 0.0119. ®he specific gravity

4

O f all dry rubber produced in Hainan island is a little lower.
______ 6--------------------



According to sketch 1, calculation shows that the buoyancy of 
rubber piece with diy rubber content is standard (specific gravity
0.9112, the buoyancy pf each gram of dry rubber in water is 0.09745 gram), 
that is, the variation in analysis when Np.l type of standard rubber 
piece is used, ( see *0* of this section). Variations in analysis of 
different dry rubber contents are shown in Chart 1.

Chart 1

Variation
ifialysis t e } '

Variation
sina^sis

Variation
ma^sis

16 0.9154 -0.83 26 0.9126 -0.45 36 0.9104 +0 .3 6

17 0.9151 -0.82 27 0.9123 -0.36 37 0-9102 +0.46

18 0.9148 -0.80 28 0.9121 -0.31 38 0.9101 +0 .5 2

19 0.9145 -0.77 .29 0.9119 -0.25 39 0.9099 +0 .6 3

20 0.9142 -0.74 30 0.9117 -0.19 40 0.9097 +0.74
21 0.9139 -0.70 31 0.9114 -0.08 42 0.9094 +0.94

22 0.9136 -0.65 32 0.9112 0 44 0.9092 +1.09

23 0.9134 -0.62 33 0.9110 +0.08 46 0.9090 +1.26

24 0.9131 -0.56 34 0.9108 +0.17 48 0.9088 +1.43

25 0.9129 -0.52 35 0.9106 +0.26 50 0.9080 +1.61

Notes:lThe analysis variation between two dry rubber contents can be 
obtained by using the method of substitution.^^ variation.
2. The use of curve showing analysis variation drawn out of dry 

rubber content and corresponding variation is more convenient



Example of correction of analysis result:-Suppose the dry rubber 
content of certain latex is 3096. Referring chart 1, the variation 
is 0 .1 9. Hence the analysis result after correction is 30+0*19=30.19^.

( B ) Testing by immersing rubber piece in water
Immersion of newly formed rubber piece in water is called immersion 

of rubber piece. The aim is to remove the non-rubber components^in 
the water inside the rubber piece so that the purity of rubber will 
be increased. If the duration of immersion of rubber piece is not 
enough, the specific gravity of rubber piece will be slightly higher 
which will cause to lower the result of analysis.

Take one cup of well distrubted latex , take 10 grams of latex 
as a sample. According to method explained in Section(IV), fonn 
rubber pieces of varying thickness, the relation between immersion 
time and thickness of rubber piece is Shown in .̂Chart 2.

Chart 2.

Immersion time of rubber piece( in 
hours)
Buoyancy reading 
( in millimetres)
Thickness of 
rubber piece (in 
millimetres)

0 .5 1 .5

■n-

1 2 2 4

3.5 61 68 69 6 9 .5 7 2 73 73 73

2.9

2.0

6 2 .5

69

69

72 73

70

73
Z i
73

I I

73
21
73

73

73

1 . 3 7 1 .5 72 73 73 73 73 73 73

1.1
1.0

72 72

7 2 . 5 7 2 .5

73

73

73

73

73

73

73

73

73

73

7^3

73



Reeult given in Chart 2 shows: when the thickness of rubber 
piece is less than or equal to 2 millimetres, the immersion time 
in water has already crossed 1*5 hours*When the thickness of rubber 
piece is between 2,0 and 3-5 millimetres, for every 1 millimetre 
thickness , the immersion time is to be correspondingly increased 
by 1.5 hours.

(C) Standard Etubber Piece and Standard Curve
1. Standard Rubber Piece: A rubber piece whosw weight as well 

as the dry rubber content of the latex forming the rubber piece are 
known is called standard rubber piece.

(i) No.l type of standard rubber piece: Take 10 to 15 latex 
samples having approximately 32^ of dry rubber content, each sample 
being 10 grams; make rubber piece by using method given in Section IV, 
keep them immersed in water for overnight. Afterwards allow them-, .
to dry up in the oven at 70^0, weigh and calculate the dry rubber 
content. Select three rubber pieces having 32?̂
rubber content. In the centre, pierce round holes of diameter 2 to 3 
millimetres. With the round holes as the centre, cut pieces of 
weight l,2and 3 grams respectively. They can be grouped into 
different weights in the range of 1 to 6 grams, that is to say, 
diy rubber weight corresponding ;̂ o 10 grams of latex whose dry

j.rubber content is in the range of 10 to 60^*
(ii) NO. 2 type of standard rubber piece: Before the extraction

of rubber latex bebins, depending on trunk of the trees, select from 
the rubber grove section 10 latex samples of different dry rubber 
contents in rubber cups. Take 10 grams of each sample and make 
rubber pieces according to method given in Section IV; immerse them 
in water overnight, pierce holes in the middle. Then by using Dry 
ftubber Analyser , take the true buoyancy reading of each rubber 
piece (See Section IV )i After drying the rubber pieces placing 
them in the oven at take their weights and calculate the dry
rubber contents. These rubber pieces can be preserved properly and 
used as standard rubber pieces*in one to two months.

Out of the two types of standard rubber pieces, select only one 
for use.



2 ,  Standard Curve: By using the method given in Section IV, the 
true buoyancy reading of each standard rubber piece is determined. 
Standard curve is dravm with dry rubber content as abscissa and 
true buoyancy reading as ordinate(Sketch 2 ). When N0*1 type of 
standard rubber piece is used, the analysis result obtained from 
the curve must be corrected according to chart !• When using No.2 
type of standard rubber piece, the standard curve already contains

I t  b . is i )
-T r  ̂  K 1 ( '

Sketch 2

(2)

“

. • ,,t- ,: «• „ ■'V *.

(1 -1
-j— factor in it, the variation in analysis is automatically removed, 
therefore the result obtained does not require any correction*

( D ). Comparison of analysing conditions m d  accuracy with^. 
weight method.

1. Conditions; Wei^t method requires balances, electric power 
and oven. The result can be obtained only after 30 to 4J hours of 
sampling. But buoyancy method requires only bg.lance(or absorption 
tube) and dry rubber analyser (Sketch 3 E )- Electric power 
and oven are not required, result of sample can be obtained after
2 • 5 hours•



2. Degree of accuracy: The percentage of variation in the restilt 
using weight method shows the degree of accuracy. Sample variation 
in 81,5^ is less than in 6.2?& is 0.5 to 0.7?̂  and in 12.55& it is
between 0-7 to 1.2^. But when using No«2 type of standard rubber 
piece, the degree of accuracy is slightly higher.



IV. Method of Analysis

^A) Sampling and Solidifying
Using balancef^^eigh 10 grams of latex in 50 millilitre beaker, 

spread 1 millilitre of 39̂  apetic acidcclose to the surface of latex, 
gently shake and distribute it evenly ^ d  keep^^it quiet for 40 
minutes. “■

(B) Pressing the piece
Fill a rubber cup with clear water, hold the rubber cup with 

with left hand, put the index finger of the right hand inside water, 
roll down the rubber coating on the wall of the cup and press on 
the rubber piece. Take out the rubber piece , place it on a smooth 
surface, press it by smooth and evasive woodden stick or glass 
bottle until the thickness of the rubber piece becomes less than

, J p X 6 C €

or equal to 2 millimetres. Afterwards put marking on the rubber^euad 
pierce hole in it at the centre with pointed owl.

(C) Immersion of ivbber piece in water
Keep the rubber piece immersed in water for 1.5 hours, change the 

water once in the middle. Dorjaot allow the rubber piece to overlap 
or fold.

(D) Analysing
(i)Fill a bucket with clear water, keep it quiet for 10 minutes
(ii) Determination of buoyancy reading of air; Immerse the dry 

rubber analyser in water so that it becomes fully damp, afterwards 
place it vertically in water; when the water is steady , take the 
buoyancy reading *A' of the air (See Sketch 3 A.)

(iii) Determination of buoyancy reading of rubber piece: Insert the 
thin end of the dry rubber analyser in the hole of the rubber piece, 
then move it to the lower part of the analyser tube inclined at 45 
degrees (Sketch 3 B), let it go inside the water , leave the hand and 
allow it to sink or float; after it is steady take the buoyancy reading 
*B* (See skrtch 3 C).
( i v ) Calculation of true buoyancy reading of rubber pieces
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The true buoyancy reading of rubber piece = B-A.
(v) Based on true buoyancy reading of rubber piece, the dry
rubber content of each latex can be found out from the standard
curve •

V, Discussing the problems
1. Instruments for determination of the buoyancy of rubber piece 

are, extremely sensitive spring balance, open-sided trrciue 
balance which has a weighing capacity of 500 milligrams etc, 
can be selected and used depending on conditions• The more 
precise is the instrument, the higher will be the accuracy.

2. Sensitivity of the dry rubber analyser: Normally the buoyancy 
of each gram of dry rubber in water is nearly 0.098 gram •
This means that in water each gram of dry rubber will cause
to float a section of its wei^t which is nearly O.O98 gram
on the analyser, measuring tube must be thin and small. Dry 
rubber with sensitivity of 0.5 gram per millimetre is suitable.

3 . Mixing up of’ air bubbles with the rubber piece is the main 
reason for producing high analysis resxilt. The buoyancy 
offered by 0.01 millilitre of air bubbles and the buoyancy 
of 0.01 ounce of rubber is the same. This can lead to a 
variation of + I5S. Therefore during the entire period of 
analysis, maxSjnum attention is to be given to prevent 
production of gas bubbles.

4. The buoyancy reading by using dry rubber analyser with air 
inside goes up and down along with the water temperature.
Hence, when there is considerable change in water temperature 
the analysis should be repeatediin order to get accurate 
true buoyancy reading.

5* Do not allow greasy dirt to remain on the surface of water 
because the pollusion of measuring tube by greasy dirt will 
change the adhesive foz*ce between measuring tube and water as 
well as the surface tension of water; more-over it will cause 
irregular drift in the readings. Under this circximstances, 
wash and clean the bucket and Replace the water. The greasy 
dirt over the measuring tube can be removed by gently rubbing 
with cotton dipped in ethil alcohol.
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Insertions in Sketches / Pictures

Sketch 1 , Page 3*
(l) Dry rubber content of latex (?̂ )
(20 Specific gravity of dry rubber in the latex 
Sketch 2, Page 9*

(1) Dry rubber content of latex {?&)
(2) True buoyancy reading of rubber piece 
Sketch 3» Page 10

(1) Method of reading
(2) Me asuring tube
(3) Line of sight(Reading 16,0
(4) Level surface 
Picture (1), Page- 14

(I) Zheng Guan Bxao and others: Plate No.l
Preliminary report of research conducted on the cause of 
contagious disease in the bark of rubber trees.

(1) The cause of RLO disease to the cells of sieve tube on the 
phloem of rubber trees, 15000X

(2) The cause of RLO disease in the cells of sieve tube on the 
phloem of rubber tree. Off indicates cell wall. 15000X

Pictxire(2) , Page-15

( I ) Zheng CJuan Biao and Others ; Plate II
Preliminary report on tkK research conducted on the cause of 
contagious disease to the bark of rubber trees.



(3) Cause of RIG disease to he bark of rubber trees. ft9800x
(4) Cause of RLO disease to the latex cell in the bark of rubber

trees,(all double arrows show)latex particles (all single 
arrows show) 20000x

Picture (3)» Page 16
(I) Zheng Guan Biao and others ; Plate III

Preliminary report of the research conducted on the cause of 
contagious disease to the bark of rubber trees*

(5) Latex particles in the latex tube cell of a healthy tree (arrows
_ show)
(6) Cell of the sieve tube in the pholem of a healthy rubber tree,

Cff shows wall of the cell , N shows the cell nucleus . I6600x
Picture (4), Page 17
(I) Wu Ji Lin and others : Plate I

Pathological Research on ulcer of Brazilian rubber tree.
(1) Condition 6f the section of a bark inficted by mobile

spores. x400(2^' ' Hypa on the outer layer of the bark.
(3) Section of the^yellow bark shows the sucking organs formed in 

the thin wall cell.
(4) Hypa on the yellow bark(M). They do not spread to the cells 

containing tannic substances (deep colour)
(5) The hypa in the yellow bark-
(6) The hypa that has spread in the sieve tube.
(7) The sucking organs formed by hypa in the sieve tube.
(8) The hypa has pierced the sieve plate in the sieve tube. 2-8x:300 

( M Hypa, ha Sucking organ , Z - Germinating mobile spores.
Picture (5), Page 18

(I) Wu Ji Lin and others : Plate II
Pathological research conductedcon ulcer of Brazilian 
rubber tree.

(1) The horizontal section of the bark infected by disease shows
the hypa attacking from the ray. x58



(2) Horizontail section of the diseased bark shows that the colour 
Of the layer has changed into brown. x40
(Ca formation of layer, P the group attacked by disease,,M the 

"tlie layer which has turned into brown)
PictTxre (6) , Page 19
(I) Wu Ji Lin and others : Plate III

Pathological research conducted on ulcer of the branches of 
Brazilian rubber tree. *

The occurrence of changing the layer into brown and the change;
(1) Initial stage of attack by disease and thee small ntimber of 

cells tiiming into brown near the group attacked by disease, 
(cells in deep colour on the right side)

(2) The cells txxming into brown are on the increase.
(3) Formation of layer changing into brown breaks up, afterwards 

new periphery .bark is formed. 1-4 : x55 (Ca formation of 
layer, P the group infected by disease, D layer of cells 
changing into brown in the process of breaking up)

Picture(7), Page 20

(I) Qian Ting Yu * Plate I
An accountant of the larva of longicom who destroys coffee 
and cocoa.

(1) Head of the larva of Mie Zi Hu longicom which destroys 
coffee, the back portion at the left and the stomach at 
the right.

(2) Front thorax of the larva of Mie Zi Hu longicom which destroys 
coffee.

(3 ) Head of the larva of Yan Hu longicom , back side on the left 
and abdomen on the right.

(4) Back block of the thorax of larva of Yan Hu longicom.
(5) Stages of spongy projections of back of third section of 

stomach of Yan Hu longicom.
(6) Front edge of the forehead of the Yan ^  longicom •
(7) Side wart of No.2 stomach section of larva of Yan Hu longicom.

r ? -



(8) Back ‘block of the front section of the thorax of Gui Bei 
longicom,

Picture(8) Page 21

Qian Ting Yu : An account of the larva of longicom Plate II
which destroys coffee and cocoa,

(9) Stages of spongy projection of third section of the ahdomen
of Gui Bei longicom. •

(10) Back block of front thorax of larva of Hai Nan grey longicom.
(11) Main stomach section of front thorax of larva of Gui Bei 

longicom.
(12) Stages of spongy projection of back of third section of 

stomaĉ ĝ jtf Jjrva pf Hainan grey longicom.
(13). Main ^  larva of Hainan grey longicom, left is the back, side 

and at the rifeht is the stomach side.
(14) Back section of front thorax of larva of Lu Pi Jin longicom.
(15) Stages of spongy projection of third section of stomach of 

larva of Lu Pi Jin longicom.
(16) Side plate of No. 3 section of stomach of larva of Lu Pi Jin 

longicom.
Picture (9) , Page 22

Qian Ting Yu : An account of the larva of longicom which destroys 
coffee and cocoa.
(17) Left lower jaw of Mie Z% Hu longicom which destroys coffee.
(18) Hnd portion of feeler of larva of Gui Bei longicom.
(19) End part of the feeler of larva of Mie Zi Hu longicom which 

destroys coffee.
(20) Spiracle at the thorax of the larva of Lu Pi Jin longicom.
(21) Right lower jaw of larva of Yan Hu longicom.
(22) End part of the feeler of larva of Hainan grey longocom.
(23) End part of the feeler of larva of Lu Pi Jin longicom.
(24) Spiracle at the thorax of larva of Hainan grey longicom.
(25) Upper lip of larva of Hainan grey longicom.
(26) End of the feeler of larva of Yan Hu longicom.
(27) Right lower jaw of larva of Gui Bei longicom.
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