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Foreword
ISO Ithe Internationa) Organization for Standardiaation) is a worldwide federation of 
nationai standards bodies (ISO member bodies). The work of preparing (nternationai 
Standards is normally carried out through ISO tedinical committees. E a ^  member 
body interested in a subject for v^ich a  technical committee has been established has 
the right to  be represented or  ̂ that committee. International organizations, govern- 
mental and non-governmental, in liaison with iSO, also take part in the work. ISO 
collaborates clos^y with the lnternatior>al Electrotechnical Commission (lEC) on all 
matters of electrotechnical standardization.

Draft international Standards adopted by the technical committees are circulated to 
the member bodies for approve before th ^ r  acceptance as lnterr)at)onal Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the n>ember bodies voting.

International Standard ISO ^ ^ 3  was prepared by Technical Committee tSO/TC 45, 
Rubber and rubber products.

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to  any other International Standard implies its 
latest edition, unless otherwise stated.
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Rubber — D e te rm in a tio n  o f to ta l su lfu r c o n ten t — 

Part 3 :
Furnace combustion method

0 Introduction

Parts 1 and 2 of ISO 6528 give alternative methods for the 
determination of the total sulfur content of rubber.

Ait recognized hea lth  and safe ty  precau tions shall be 
observed  w hen  carrying o u t th is m ethod  of analysis.

1 Scope and field of application

1.1 Thts part of ISO 6528 specifies a  method for the deter­
mination, by combustion in a furnace, of the total sulfur con- 
tent of raw rubbers, unvulcanized compounded rubbers and 
vulcanizates, including sulfur p re ^ n t as barium sulfate, 
calcium sulfate and lithopone.

1 .2  It is applicable to  chlorinated rubbers, nitrtle rubbers and 
hydrocartx>n rubbers (including natural rubber). The deter­
mination is not affected by the presence of metal salts which 
form insoluble sulfates.

2 References

ISO 383, Laboratory glassware — Interchangeable conical 
ground joints.

ISO 4 ^ ,  Laboratory sintered {fritted) filters — Porosity 
grading, classification and designation.

ISO 6628, fiubber — DeterminBtion o f total suffur content

— Part 1 : Oxygen combustion flask method.

— Part 2 :  Sodium peroxide fusion method.

3 Principle

3.1 A test portion is burnt in a stream of oxygen in the 
p r i n c e  of a catalyst, the oxides of suHur are passed into 
hydrogen peroxide and the resulting sulfuric acid is determined 
by titration.

3 .2  One of tw o titration methods is used, depending on the 
type of rut>ber combusted. An alkalimetric titration is used 
wrf^en no chlorine or nitrogen combustion products are present 
and a barium perchlorate titration is used when chlorine and/or 
nitrogen ts present.
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4 Reagents

During the analysis, u n le ^  otherwise stated, use only reagents 
of recognized analytical grade and only distilled water or water 
of equivalent purity.

4.1 R e a g e n ts  f o r  th e  c o m b u s tio n

4.1.1 Calcium chloride, anhydrous, particle size approxi­
mately 800 to  1 400 Hm (14 to  22 mesh ASTM).

4.1.2 Catalyst.

Mix togeU\er 0,8 g of dry vanadium pentoxide and 0,2 g of zinc 
oxide for each determination. The vanadium pentoxide shall be 
pre\nously dried by heating in a shallow dish at 140 to 160 
for 16 h. It shall be cooled and stored in a desiccator.

4.1.3 Hydrogen peroxide. 3 % {V IV)  solution.

Carefully mix 1 volume of 30 % hydrogen peroxide with 
9 volumes of water.

WARNING — 30 %  hydrogen peroxide is very corrosive 
to  th e  skin. W ear rubber o r piastic gloves and goggles 
w hen  handling It,

4.1.4 IVIagnesium perchlorate , anhydrous, particle size 800 
to 1 400 nm {14 to  22 mesh ASTM).

WARNING — M agnesium  perchlorate can cause  Irri­
ta tion  of skin an d  m ucous m em branes.

4.1.5 Supply of oxygen, e.g. a cylinder with suitable 
regulator to give a pressure of not less than 35 kPa.

4,1.6 Carbon dioxide ab so rben t (sodium hydroxide ab­
sorbed on synthetic silicate), particle size 800 to 1 400 pm (14 
to 22 mesh ASTM), preferably of the self-indicating type.



4.2 Reagents for titration

4.2.1 Perchloric acid, dilute solution.

Carefully mix 1 volume of 50 % perchloric acid (HCIO4) sol* 
ution with 1 volume of water.

WARNING — Perchloric acid  shou ld  be handled  w ith  ex­
trem e caution. C ontact w ith  d u s t o r organic particles 
may, in many cases, cau se  ignition. C on tac t w ith  organic 
materials m ust be avoided.

4.2.2 2-Propanol.

Use re-distilled 2-propanol if analytical grade reagent is not 
available.

4.2.3 Barium perch lorate , standard volumetric solution, 
c(Ba(CI0 4 )2l *  0.01 nrK)l/dm3.

4.2.3.1 Preparation

Dissolve 3,363 g of barium perchlorate in 200 cm^ of water. Ad­
just the pH to about 3,5 with the dilute perchloric acid (4.2.1). 
Make up to  1 dm^ y^th the 2-propanol (4.2.2).

4.2.3.2 Standardization

Standardize the Ijarium perchlorate by weighing, to  ± 0,1 mg, 
approximately 0 ,1 0  g anhydrous sodium sulfate and dissolving 
it in 10 cm3 of water in a 100 cm^ one-mark volumetric flask. 
Make up to  the mark with water. Pipette exactly 10 cm^ of this 
solution into a small flask or beaker, add 40 cm^ of the
2 -propanol to  make the solution 80 % alcohol by volume and 
titrate to the same end-point as will be used in the analysis of 
rubbers, using the sanrte indicator system (see 1.2).

Determine the molar concentration, C\, of the barium per­
chlorate solution, e x p r e s s  in moles of Ba(CI04)2  par cubic 
decimetre, from the formula

0, t X m . X 1 000

1 4 2 ,0 6  X  V'g

where

m , is the mass, in grams, of sodium sulfate:

K, is the volume, in cubic centimetres, of barium per­
chlorate required for the titration.

4.2.3.3 Storage

Preparations of barium perchlorate deteriorate on storage and 
should be standardized often enough to  detect a change in 
concentration of 0,000 S mol/dm^.

4.2.4 Sodium  hydroxide solution,
cINaOH) =  0,02 mol/dm3, accurately standardized or com­
mercial solution.

4.2.5 Indicator sy stem s for barium  perchlorate 
titrations.

Two systems are given, both suitable for use In this part of 
ISO 6528.

4.2.5.1 Thorin indicator.

Dissolve 0,2 g of Thorini> in 100 cm3 of water.

The reagent shall be a uniform red powder and produce a clear 
orange aqueous solution.

4.2.5.2 Thorin and  m ethylene blue indicator.

Dissolve 0,5 g of Thorin in 100 cnn  ̂of water.

Dissolve 0.012 g of solid methylene blue in 100 cm^ of water.

4.2.6 Indicator system  fo r alkalim etric titration.

Dissolve 0,125 g of methyl red and 0.04 g of methylene blue in 
100  cm3 of methanol.

4.2.7 Hydrochloric acid , c(HCI) -  2 rrtol/dm^.

Dilute 1 volume of hydrochJorfc acid -  1,18 Mg/rr^)  with
5 volumes of water.

4.2.8 Cation exchange resin, strongly acidic, containing 
nuclear sulfonic acid active groups.^)

Before filling the column (5.6) allow the resin to stand in a 
beaker of distilled water to  absorb water and become swollen.

Check that the following requirements are fulfilled before use 
and after regeneration (because of the large capacity of the 
resin to remove interfering cations, it may be u s ^  five to  ten 
times before regeneration becomes necessary) :

a) 10  cm3 of sulfuric acid solution, 
c(H2S 0 4 ) = 0 ,0 2  mol/dm3, shall be completely eluted with 
15 cm3 of water; test the last portion of the eluate for the 
absence of sulfate using Thorin solution (4.2.5.1);

b) the ion exchange column shall be capable of removing 
0,1  g of zinc, which is the most commonly interfering cation 
in rubber analyses.

1) Thorin is 2,2-hydroxy-3,6-disulfo-1'r^phthyi-azobenzene-arsonic ackl.

2) There are many types and particle size ranges of resin available. DOWEX 50W-8X spheres 75 to  150 pm  (100 to  200 mesh) from  J .T . Baker 
Company, 222 Red School Lane, PhiUipsburg, N ew  Je rsey  088 65, USA. has been found satisfactory. This information is given for th e  convenience of 
users of this part of ISO 6528 and does no t constitu te an  endorsem ent by ISO of th e  p roduct nam ed. Equivalent products m ay be  used if they can be 
show n to lead to  the sam e results.



Regenerate the resin by passing 10 cm^ of the hydrochloric acid 
{4.2.7) through the resin bed, a t the rate of 2 or 3 drops per 
second, then wash the resin bed with 20  cm^ o1 water at a 
faster rate. Test the last few drops of the washings for the 
absence of sulfate using Thorin solution (4.2.5.1).

5 Apparatus

Ordinary laboratory apparatus, glassware having joints comply­
ing with the requirements of ISO 383, and

5.1 Com bustion appara tu s (see figure 1).

5.1.1 Flow m eter (A), to  indicate 0,8 to  1 cm^/s.

5.1.2 Purifying train , consisting of two U-tubes (6  and C) 
with side arms, connected to the calibrated flowmeter (A).

5.1.2.1 U-tube (6 ). with side arms, contains the magnesium 
perchlorate (4.1.4).

5.1.2.2 U-tube (C), with side arms, contains the carbon diox­
ide absorbent (4.1.6).

6.1.3 Silica com bustion  tu b e , with heater for bent-end (Dl. 
The total horizontal length is 650 to  670 mm. It consists of a 
satin or transparent silica tube of 16 mm internal diameter 
fused at one end to a transparent silica tube, which narrows to
7 mm internal diameter. The other end is fused to a 24/29 cone 
provided with hooks. The overall measurement across the 
24/29 cone and hooi<s shall not exceed 30 mm. The length of 
the wide tube is 480 mm; the narrower tube is horizontal for 
170 to 190 mm and then bends downwards a t a right angle and 
continues for a further 77 mm, including a 10/19 cone with 
hooks in the same plane as the bend. The cone is greased v ^ h  
sulfur-free high-temperature-resisting silicone grease. To pre­
vent condensation of vapour in the bent-end of the combustion 
tube and in the neighbouring ground glass joint, the bent 
portion is electrically heated to  a temperature of 400 to 500 
which is controlled by suitable means.

The 24/29 cone is fitted with a socket provided with hooks, and 
this is connected by rublser tubing to  the U-tube tC) of the 
purifying train.

A screen of heat-resistant, thermally insulating material is fixed 
at the exit end of the combustion tube so that radiated heat 
from the furnace does not affect the solutions in the absorbing 
vessels.

5.1.4 Silica rod w ith  handle and  bu tton  IE). The diameter 
of the rod shall be 7 to  8  mm and the diameter of the button
12 to  13 mm. The overall length is ^25 mm.

5.1.5 M agnetic atain lass s tee l cylinder (F). The diameter is
13 to 14 mm, the length 10 to 11 mm. Also, a magnet capable 
of moving the cylinder (F) from outside the silica combustion 
tube ID) is required.

5.1.6 Com bustion b o a t (transparen t silica) w ith handle 
(G). Out»de measurements overall length 53 to  ̂  mm, width
11 to 13 mm and depth 7 to  9 mm.

L censed to: KANSARA. N K Mr

5.1.7 Electric com bustion  furnace w ith  tem peratu re In­
d icator and  contro ller (H), about 320 mm long, capable of 
maintaining a temperature of 1 0 00  ± 2 0  '’C.

5 .2  A bsorption train .

5.2.1 Prim ary absorbing vessel (J) (see figure 2).

This is in the shape of a U-tube and is joined to the combustion 
tube by a 10/19 socket which Is 70 to 80 mm (measured ver­
tically) from the bottom of the U-tube. The internal diameter of 
this limb is 6  mm and the stopcock is 30 to ̂  mm from the bot­
tom of the tube. A sintered glass disc (porosity grade P 40, see 
ISO 4793), diameter 30 mm, is sealed in the other limb at the 
lower end of the expanded portion, which is 70 mm long and 
30 mm in diameter. This limb then narrows to 14 mm diameter 
for 30 mm and terminates in a 12/13 socket.

5.2.2 Secondary absorbing vessel (K),

This conssts of a 20 or ^  cm3 pear'Shaped flask with a 10/19 
socket a t the neck and side arm. The side arm is fitted with a 
10/19 cone and delivery tube which is connected via a calcium 
chloride tube (U to a needle valve (M) and suction line. The 
two absorbing vessels are connected to each other by an in­
verted U-tube of 7 mm internal diameter with a 12/13 cone at 
one end and a 10/19 cone and delivery tube at the other end. 
The delivery tube ends not more than 1 mm from the bottom of 
the secondary vessel. All ground glass joints of the absorption 
train are secured by springs and no grease is used.

5.2.3 Calcium chloride tu b e  (L).

5.2.4 Needle valve (M).

5 .3  B urette. 10 cm3 capacity, reading to 0,01 cm^.

5 .4  M agnetic stirrer, (desirable, but not essential).

5 .5  Daylight m atching lam p (desirable, but not essential).

5 .6  ion-exchange colum n, comprising a small tube, about 
1^  mm long with an internal diameter of 10 mm, provided 
with a stopcock or sintered glass disc a t one end. The bottom 
shall be filled to a depth of about 10 mm with glass wool, and 
the rest of the column shall be filled with the resin (4.2.8).

6 Preparation of test sample

6.1 Finely mill the test sample on a lat>oratory roll mill and 
thoroughly homogenize it.

6.2 Due to the smalt masses of the test portions, the rubber 
shall be protected from contamination. The use of forceps for 
handling the test portion reduces the risk of contamination.



7 Procedure

7.1 Combustion

7.1.1 Heat the combustion furnace (5.1.7) to  1 000 ± 20 ®C 
and the bent-end of the combustion tube (5.1.3) to 400 to 
500 °C.

7.1.2 Place a layer of about 0,3 g of the catalyst (4.1.2) in the 
previously ignited combustion boat (5.1.6). Weigh accurately 
about 50 ± 0,1 mg (10 ± 0,1 mg in the case of ebonite or 
thioplasts) of the test sample and distribute this test portion in 
the prepared boat. Cover the test portion with the remainder of 
the catalyst.

7.1.3 Connect the absorbing vessels (5.2.1 and 5.2.2} to the 
combustion tube, remove the inverted U-tube and from a 
graduated pipette add 15 cm3 of the hydrogen peroxide sol­
ution (4.1.3) to the primary absorbing vessel via the 12/13 
socket and 5 cm3 to the secondary absorbing vessel. Put tha in­
verted U-tube back in place and connect the side arm of the 
secondary absorbing vessel via the calcium chloride tube 
(5.2.3) to  the needle valve (5.2.4) attached to  the suction line.

NOTE — To clean th e  b o a t for further deteim inations, it is advisable to 
w ithdraw th e  boat while th e  con ten ts  are stiti molten and quickly pour 
th e  molten m ass into a  beaker containing sand, applying heat to  the 
b o a t if necessary. S uspend  th e  boat in w am i concentrated  hydro­
chloric acid and then  w ash w ith w ater to  remove all traces of acid and 
finally ignite.

7.1 .8  Connect a hand bellows to  the side arm and gently blow 
the liquid from the secondary absorbing vessel into the prin>ary 
absorbing vessel and round the lower U-tube until it is just 
above the 10/19 joint. Carefully open the stopcock, allow the 
liquid to run slowly into a flask and continue blowing until all 
the solution is transferred. Collect the absorbing solution in a 
250 cm3 conical flask.

7.1.9 Add about 8  cm3 of water through the side arm of the 
secondary absoiting vessel and with the hand bellows transfer 
the liquid to the primary vessel, wash the U'tube just above the 
10/19 joint and collect the washings in the conical flask (already 
containing the absorbing solution). Disconnect the apparatus 
at the 12/13 joint and rinse down the side of the wide limb of 
the U-tube with 10 cm3 of water. Put the 12/13 joint back in 
place and force the liquid into the U-tube and thence through 
the stopcock into the conical flask. Repeat the washing with a 
tu rner 10  cm^ of water, combining all w a ^ e s  in the flask.

7.1.4 Connect the oxygen supply (4.1.5) to  the flowmeter 
(5.1.1) and purifying train (5.1.2), and adjust the rate of flow to 
0,8 cm3/s. To ensure a steady stream of oxygen, a pressure of 
not less than 35 kPa shall be shown on the delivery pressure 
gauge of the oxygen cylinder. Disconnect the oxygen from the 
flowmeter without changing the setting of the oxygen 
regulatCM'.

7.1.5 Insert the boat in the mouth of the combustion tube, 
followed by the silica rod (5.1.4) and steel cylinder (5.1.5). 
Close the combustion tube with the 24/29 socket and connect 
to the purifying train and flov^meter. Adjust the suction to draw 
purified air through the combustion tube and absorbing vessels 
at a rate of 1 crrfl/s as indicated by the flowmeter. Connect the 
oxygen to the flowmeter so that the previously adjusted oxygen 
is drawn through the combustion tube and absorption train.

7.1.10 If the rubber contains chlorine, a small amount of zinc 
chloride will distil over. This zinc interference shall be removed 
by percolating the solution of 7.1.9 through the ion exchange 
column (5.6). Allow the solution to  trickle through the prepared 
column a t a rate of about 2 or 3 drops per second into a second 
250 cm3 conical flask. Adjust the stopcock to obtain this rate. 
Wash the sides of the first flask with water, pouring each suc­
cessive washing through the column and collecting the 
washings in the second flask. Force out the last of the 
washings with pressure or vacuum.

7.1.11 If the combustion products contain chlorine and/or 
nitrogen, proceed according to 7.2. If neither chlorine nor 
nitrogen combustion products are present, proceed according 
to  7.3, for titration with sodium hydroxide.

7.1.6 By means of the magnet, steel c^inder and silica rod, 
slide the boat to a position 10  mm from the furnace and leave it 
for 2 min. In order to  maintain a steady combustion rate, propel 
the boat slowly forward at a rate of about 0,5 cm /s to the hot­
test zone of the furnace. (If the advance of the boat into the hot 
zone is too rapid, excessive fluctuations of the flowmeter will 
be noted.) Withdraw the steel cylinder to  the mouth of the tube 
immediately the boat reaches the hottest zone of the furnace. 
When destruction of the organic nr>aterlal is complete, as in­
dicated by stability of the flowmeter, continue the combustion 
for a further 30 mtn to  ensure decomposition of alkaline earth 
suffates.

7.1.7 Switch off the current to the bent-end heater, discon­
nect the oxygen from the flowmeter, and cool the hot 10/19 
joint of the primary absorbing vessel to  room temperature, for 
example with a jet of compressed air. Then disconnect the suc­
tion from the side arm of the secondary absorbing vessel and 
remove the silica rod and boat.

7.2 Titration with barium perchlorate

7.2.1 The amount of sulfur present in the test portion shall 
not exceed 3 mg. If the amount of sulfur is found to exceed this 
figure, repeat the determination using a snrtaller test portion.

NOTE — A te s t portion o f  th e  recom m ended size o f 50 m g will contain
3 mg of sulfur v ^ n  th e  sam ple contains 6 % (m /m ) sulfur.

7.2.2 Reduce the volume of the test portion solution obtained 
as described in7.1.9 or 7.1,10 to 10 to 20 cm^by boiling, taking 
care to avoid losses by splashing by placing a funnel in the neck 
of the flask. Add sufficient 2-propanol (4.2.2) to make the test 
solution 70 to  90 % (K/ VO alcoholic.

7.2.3 If using the indicator system of 4.2.5.1, add 2 or 3 drops 
of Thorin solution and titrate with barium perchlorate drop by 
drop, to  the pink end-point. Read the burette to  the nearest 
0 ,01  cm3.



7.2.4 If using the indicator system of A.23.2, add t drop of 
Thorin solution and sufRcient methylene blue solution to 
change the colour from orange to  yellow.

m is the mass, in grams, of the test portion; 

Ct has the same meaning as in 4.2.3.2.

CAUTION — Do not add excess methylene blue, which 
would impart a green colour to  the Botution.

T i^ te  the barium perchlorate (4.2.3), drop by drop, to the per> 
manent pink end-point. Read the burette to the nearest 
0 ,01  cm3.

7.2.5 For both indicator systems, a magnetic stirrer (5.4) and 
a daylight matching lamp (5.5) nrtay be used, if desired. 
Additional assistance in determining the end-point may be ob- 
tairted by using a piece of drazochrome blue film^l in front of 
the titration ftaslc.

7.2.6 Calculate the sulfur content according to  8.1, u^r>g the 
volume of barium perchlorate to  reach the end-point obtairted 
with either Indicator system.

7.3  T itra tio n  w ith  so d iu m  h y d ro x id e

7.3.1 Using the solution obtained as described in 7.1.9, add 
2 drops of methyl red/methy(ene blue irwJicator solution (4.2.6) 
and titrate using the sodium hydroxide solution (4.2.4), reading 
the burette to the nearest 0 ,01  cm3.

7.3.2 Proceed to  8.2 for calculation of the sulfur content.

8 .2  The percentage, by mass, of the total sulfur, rounded off 
to  the nearest 0 ,01  %, is given by the following formula for test 
portions containing no chlorir>e or nitrogen :

3 ,2 (1 ^ ,-  KbJca
m

where

Vx is the volume, in cubic centimetres, of sodium hydrox­
ide solution (4.2.4) required for the determination;

is the volume, in cubic centimetres, of sodium hydrox­
ide solution (4.2.4) required for the blank test;

C2 is the actual concentration, in moles of NaOH per cubic 
decimetre, of the sodium hydroxide solution (4.2.4);

m has the same meaning as in 8 .1.

8 .3  Take as the result the mean value of the results of two 
determinations, provided that the requirem ent for repeatability 
(see 9.1) are satisfied. Express the mean value to the nearest 
0,05 % (m/m) sulfur.

7 .4  B lan k  t e s t

Carry out a blank test by follovM’ng exactly the same procedure, 
using the same quantities of reagents, but omitting the test 
portion.

8 Expression of results

8.1 The percentage, by mass, of the total sulfur, rounded off 
to the nearest 0 ,01  % is given by the following formula for test 
portions containing chlorine and/or nitrogen :

( K t -  K b )  X  0,0321 X c, X 100
m

where

I't is the volume, in cuWc centimetres, of barium per­
chlorate solution (4.2.3) required for the determination;

1^5 is the volume, in cubic centinrtetres, of barium per* 
chlorate solution (4.2.3) required for the blank i»st;

9 Precision and accuracy

9.1 R e p e a ta b ili ty

Two test results, obtained by the same operator, are acceptable 
if they conform to the following :

Total sulfur found
% (m/m)

Less than 1
1 to  S 

More than 5

Example:

Test result No. 1 : 
Test result No. 2 :  
Mean ;

Deviation from  the mean
% (m/m)

± 0,1 
± 0,2 
±  0,3

total sulfur content 2 ,8 % (m/m) 
total sulfur content3,2%  (m/m) 
total sulfur content 3,0 % (m/m)

The test results are acceptable because they do not differ by 
more than ±  0 ,2  % (m/m) from the mean value for a total sul­
fur content of 3 % (m/m).

1) Suitable film in different sizes m ay b e  obtained from  Gordon Audio Visual Ltd., 28-30 M arket Place, Oxford Circus, London W IN  8PH. This infor­
mation is given for the convenience of u sers o f this International S tandard  ar>d ctoes n o t constitu te  an endorsem ent by ISO of this particular product. 
Equivalent p roducts m ay be used  if they  can  be  show n to lead to  th e  sam e results.



9.2 Reproducibility

This part of ISO 6528 has not been tested for interlaboratory 
reproducibilrty.

9.3 Accuracy

This part of ISO 6528 has not been tested for accuracy.

The test r ^ r t  shall Include the following Information :

a) ail details necessary for full identification of the sample;

b) reference to  this International Standard;

c) the mean value of the results of two determinations;

d) any operation, not included in this part of ISO 6528, 
which might have affected an individual test;

e) date of test.
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Figure 1 — Apparatus fo r the determination o f total suifur by the furnace combustion method



Figure 2 — Absorption vessel fo r c(«tenp{Da1;ion of tota l sulfur by tha furrtace combustion method
Dcvmloaded: 3015-04-20
Single user iiconce only, copying and nefworking prohibited



UDC 878.4 : 543.82 : 548.22
Descriptors : rubber, tests, chemical analysis, determination of content, sulphur, combustion analysis. 

Price based on 8  pages



qfl|AcC.Mo




