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This standard is issued under the fixed designation D 3516; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

€' Note—Keywords and unit of measurement statement were added editorially in June 1995.

1. Scope The weight of ash obtained varies with the temperature of ignition. Higher

: temperatures (850°C) will convert calcium carbonate and other carbonates
1.1 These test methods cover four ashing methods foo the oxides and thus give lower values for ash. The composition of ash

cellulose. These are intended for use on unbleached ang, yary with the pulping process employed for manufacture, which
bleached cellulose in sheeted or bulk fiber form. Each one ofmits the significance of the ash determination in absolute terms.

the test methods has advantages, so that preference applicag 2 Test Method B. Sulfated Ash in Cellulose at 5759G

tl0£1$2 e_i_('hSt ftor ta" fcmr. d foll ] this ashing procedure the metal salts are converted to sulfates
: € test methods appear as Tollows. by treatment with sulfuric acid and ignition at 57525°C to

Sections i :
Test Method A—Ash in Cellulose at 575°C 610 11 overcome limitations of Test Method A. It should not be
Test Method B—Sulfated Ash in Cellulose at 575°C 1210 17 considered as a standard preparative test method for elemental
Test Method C—Ashing Cellulose by Schoniger Oxidation 18 to 22 analysis_
Test Method D—Wet Ashing of Cellulose for Inorganics 2310 29

Note 2—Conventional dry ashing at high temperature (over 850°C)

1.3 The values State_d n _SI units are to be regarded as _th@sults in loss of carbon dioxide from metal carbonates, decomposition of
standard. The values given in parentheses are for informatiofagnesium sulfate, and loss of sodium salts. Ashing at lower temperatures
only. (575°C) gives a better estimate of the inorganic impurities, but has the

1.4 This standard does not purport to address all of thedisadvantage of requiring a long ignition time and also the heat produced
safety concerns, if any, associated with its use. It is theY the burning pulp can raise the temperature far above 575°C for a short
responsibility of the user of this standard to establish appro_period of time, converting calcium carbonate to the c_)xid_e in varying

amounts. The sulfated ash method overcomes these objectionable features

priate safety and health practices and determine the appllcaélnd has additional advantages. It is relatively insensitive to ignition time.

bility of regulatory limitations prior to useFor a specific  ash weight remains constant during weighing, and because the ash does
hazard statement, see Note 12. not melt it will not attack the crucible.

2 Referenced Documents 3.3 Test Method C, Ashing Cellulose by Schoniger
i Oxidation—This test method is generally applicable to ashing

2D11£983T|\SA iz:?fri]:;;irgrsw.for Reagent Waer cellulose for subsequent analysis of inorganic constituents. The
D 1348 Tgst Methods for Moi%ture in Celluldse procedure utilizes the Schoniger technique in which the cellu-
lose is burned in a combustion flask and all combustion

3. Summary of Test Methods products are dissolved in an aqueous medium, thus avoiding

3.1 Test Method A, Ash in Cellulose at 575°Chis test the possibility of physical loss of sample such as can occur in

method measures the ash content of cellulose, which is definéjdy ashing (Test Methods A and B). A limitation is the

for this test as the residue remaining after ignition at 575 relat|ve_ly small sample of 1. 9 W.h'Ch can be ashed vx{lthqut
25°C until all carbon has been burned off. It is the simplest Ofexcesswely large apparatus in which to carry out the oxidation

S tep. Small specimens may not be adequately representative
the four test methods for the determination of ash content only’ <" P Y o q y rep
. . Avhere a particulate contaminate is involved.
and it should not be considered as a standard preparative .
. 3.4 Test Method D, Wet Ashing of Cellulose for
procedure for elemental analysis. ) . . .
Inorganics—This test method is recommended for ashing
Note 1—The ash content at this ignition temperature is a reasonableellulose for subsequent analysis of inorganic constituents. The
measure of the mineral salts and inorganic foreign matter in the cellulosgyrocedure employs saturation of the cellulose with a concen-
- trated solution of hydrogen peroxide followed by incremental
* These test methods are under the jurisdiction of ASTM Committee D-1 on Painaiddition to a small volume of concentrated sulfuric acid. It has
and Related Coatings, Materials, and Applications and are the direct responsibilithe advantage over Test Method C of not requiring special
of Subcommittee D01.36 on Cellulose and Cellulose Derivatives. . .
Current edition approved Oct. 27, 1989. Published December 1989. Originall pparatus and can be readlly app“ed to samples Of, 5to 10 g.
published as D 3516 — 76. Last previous edition D 3516 — 76 (1985). he test method becomes tedious and less convenient for use

2 Annual Book of ASTM Standardéol 11.01. where larger specimens such as 50 or 100 g are required.
2 Annual Book of ASTM Standardgol 06.03.
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Specimens this large, although not generally required, may bghould be varied so that the weight of the ash will be not less
necessary for the determination of trace levels of constituenthan 10 mg and preferably over 20 mg. Table 1 gives suggested
such as manganese or silica. Smaller samples may not lsample sizes.

adequately representative where a particulate contaminate is7.2 Selection of the specimen shall be in such a manner as
involved. to be representative of the lot being tested.

4. Significance and Use Note 4—No set sampling procedure has been established to be

4.1 Ash content gives an estimation of the inorganic conten‘?ppl'cable to aI_I samples. It WI|! suffice to specify that the specimen shall
. De representative of the lot being sampled.

of cellulose samples. The presence of high levels of ash can be

expected to be detrimental to the process of making cellulosg. procedure

derivatives. It also provides a rough estimate of silica content

which can have a significant effect on the performance of filters .8'1 Weigh out, to the nearest_0.0S g, sufficient cellulose to
in cellulose derivative manufacturing facilities. give the correct range of ash weight (see Table 1). At the same

time, a separate specimen (3 to 5 g) should be weighed and
5. Purity of Reagents dried at 105°C for a moisture determination.

5.1 Reagent grade chemicals shall be used in all tests. Nore 5 Test Methods D 1348, Method B is suitable. However,
Unless otherwise indicated, it is intended that all reagents shadkcuracy of the moisture test is not critical for the ash determination and
conform to the specifications of the Committee on Analyticalany method capable of obtaining the percent oven dry within 0.5 % of the
Reagents of the American Chemical Society, where suckue value is adequate.
specifications are availabfeOther grades may be used, pro- g2 Heat the platinum dish in the muffle furnace at 575°C
vided it is first ascertained that the reagent is of sufficientlyfor 15 min, cool and weigh to the nearest 0.1 mg. Place the
high purity to permit its use without lessening the accuracy ofyeighed cellulose in the platinum dish and place the dish on

the determination. o the open door of the muffle furnace, previously set and allowed
5.2 Purity of Water—Unless otherwise indicated, referencesiqy reach equilibrium at 575°C. Allow the cellulose to char

to water shall be understood to mean reagent water as definggihout flame by gradually moving the dish into the muffle,

in Specification D 1193. and continue ashing with the door closed for 1 h.
TEST METHOD A—ASH IN CELLULOSE AT 575°C Note 6—With some pulps, the character of the ash inhibits complete
5 carbon removal and gray or black specks persist &fte of ignition. The
6. Apparatus addition of a few drops of distilled water to the ash after 8.3 followed by
6.1 Balance with an accuracy to 0.05 g is required for drying and reignition at 575°C fal h ormore may be required. Extreme
weighing cellulose samples. cases may require a second treatment with water.

6.2 Analytical Balance with a sensitivity of 0.1 mg is Note 7—If the sample is too large, either separate ashings are required
required. It should be checked with Class S weights. or successive addltlons_ of cellulose are made with extreme_ care so as not
. . . S to disturb the ash. 8.2 is then repeated between each addition.

6.3 Drying Oven with the capability of maintaining a
temperature of 105 2°C. 8.3 Remove the dish from the muffle furnace and allow to
6.4 Desiccator such as silica gel, indicating drierite, or cool somewhat. Place it in the desiccator and allow it to cool to
magnesium perchlorate are suitable. room temperature.

6.5 Muffle Fumaceo eIe_ctrlc, capable of maintaining a tem- Note 8—Care must be taken at all times to keep drafts away from the
perature of 575+ 25°C, is recommended. light, fluffy ash.

Note 3—Back to front temperatures in muffle furnaces frequently g » Weigh the dish and ash to the nearest 0.1 mg. Reignite
exceed the: 25°C range, so that operating limits should be established forfOr a 15-min period and reweigh. Repeat as required to obtain

iven f . .
agiven lljmace ) . _ constant weight.
6.6 Dish, platinum, 100-mL capacity or larger. Porcelain

crucibles are not recommended. 9. Calculation
6.7 Tongs approximately 0.5 m (20 in.) long, with nickel-

chromium or platinum tips. 9.1 Calculate the ash percent of moisture-free cellulgse,

as follows:

7. Test Specimen e (C — B)(100)(100)
7.1 The amount of cellulose selected for each ash determi- (A D

nation depends on the ash content of the test specimen and

(€))

TABLE 1 Suggested Sample Sizes

4Rgagent Chemical;, American Chemical Society Specifif:ati@merican Ash, % Moisture-Free Cellulose, g
Chemical Society, Washington, DC. For suggestions on the testing of reagents net
listed by the American Chemical Society, s@aalar Standards for Laboratory Over 0.5 5
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia 0.20 t0 0.5 10
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, 01210 0.2 20
MD. 0.08 to 0.12 30

0.04 to 0.08 40

S Suitable apparatus is available from A. H. Thomas Co., Vine St. at 3rd, P. O.

Box 779, Philadelphia, PA 19105. Less than 0.04 50
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where: 14.6 After the last trace of carbon has disappeared, ignite in
A = weight of specimen as is, g, the muffle furnace fol h at575°C.
B = weight of dish, g, 14.7 Remove the dish and allow it to cool somewhat before
C = weight of dish plus ash, g, and placing it in desiccator and cooling to room temperature.
D = oven dry cellulose in specimen, % 14.8 Weigh the dish and sulfated ash to the nearest 0.1 mg.
Reignite for a 15-min period and reweigh. Repeat as required
10. Report to obtain constant weight.
d 10'1,Re|,°°” the resuits to t,he, neareSt,O'Ol %. Duplicate Note 10—To remove the ash from the dish, clean with boiling
eterminations should check within approximately 5 %. hydrochloric acid.
. . Note 11—On igniting sulfated ash at 575°C, there should be no fusion
11. Precision and Bias with the dishes, even when ashing cellulose that gives an alkaline ash.
11.1 A preCiSion of 8 % relative at the 95 % confidence level 14.9 Prepare a reagent blank for th§3@4 Corresponding
is found for specimens at the 0.05 % ash level. to the number of millilitres of HSO, used in 14.4 and 14.5, by
11.2 No statement of bias can be made as no suitablge addition of the acid to a platinum dish after ignition and
reference material exists for determining bias. true weight was determined, and carrying through 14.4-14.8 as
they apply.

TEST METHOD B—SULFATED ASH IN
CELLULOSE AT 575°C 15. Calculation

15.1 Calculate the sulfated asB, as percent of moisture-

12. Apparatus and Reagent free cellulose, as follows:

12.1 Hot Plate

12.2 Additional apparatus shall be in accordance with Sec- S= © _(i)_ R)(l(()g))(lOO) (4)
tion 6.
12.3 Sulfuric Acid—Concentrated E50,. where:
A weight of specimen, g,

13. Test Specimen B

13.1 The amount of cellulose selected for each ash deterC
mination depends upon the sulfated ash content of the tesR
specimen and should be varied so that the weight of the as®
will be not less than 10 mg and preferably over 20 mg. Table
1 gives suggested specimen sizes for Test Method A. The tabﬂe - Report

is applicable to sulfated ash also, providing the percent ash 16.1 Report the results to the nearest 0.01 %. Duplicate
column is taken as percent sulfated ash. determinations should check within approximately 5 %.

weight of dish, g,

weight of dish plus sulfated ash, g,

weight of H,SO, reagent blank residue, g, and
oven-dry cellulose in specimen, %.

Note 9—The sulfated ash values will be higher than the ash obtained 7. Precision and Bias
by ignition of the cellulose without addition of the sulfuric acid. The _ o L . .
magnitude of the difference will depend upon the proportions of different 17.1 A precision of 15 % relative is found for specimens in
inorganic salts present, but based on the following conversion factors fdhe 0.1 to 0.3 % ash range.
the salts commonly present, will generally be about twice the regular ash: 17.2 No statement of bias can be made as no suitable

MgSO casq MgSO reference material exists for determining bias.
MgO4 =299 "0 = 2'43;MgCOZ =1.43 )
casq N&SQ TEST METHOD C—ASHING CELLULOSE BY
ZASH | g2t SCHONIGER OXIDATION
casq ~ 136Naco, — 134 3)
13.2 Selection of the specimen shall be in such a manner d$3. Apparatus
to be representative of the lot being tested (see Note 4). 18.1 Combustion Flasks5000 mL, round bottom, borosili-
cate glass, with 65/40 ball and joint stopper. The flasks are
14. Procedure equipped with perforated platinum specimen carriers sealed

14.1 Weigh out to the nearest 0.05 g sufficient cellulose tanto the extended stem of the flask stopper.
give the correct range of ash weight (see Table 1). At the same 18.2 Igniter, suitable for igniting the specimen in the flask.
time, weigh a separate specimen (3 to 5 g) and dry to consta#tn infrared igniter is preferred.
weight at 105 2°C for a moisture determination (see Note 5). 18.3 Specimen Wrapperblack paper.
14.2 See 8.2. 18.4 Pipet 5 mL.
14.3 Remove the dish and allow it to cool to room tempera- 18.5 Volumetric Flask 50 mL.
ture (see Note 7 and Note 8).
14.4 Moisten the ash with 1 to 2 mL of concentratessl, ~ 19- Reagents
and heat on a hot plate until all the dense white fumes of sulfur 19.1 Deionized Waterhigh-purity, with a conductivity <1.0

trioxide (SQ,) are liberated. pmho/cm at 25°C.
14.5 Place in the muffle furnace and ignite at 575°C for 1 h. 19.2 Absorption Solutior-0.2 N H,SO, prepared from
If carbon persists repeat 14.3, 14.4, and 14.5. concentrated E50,.
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20. Procedure 22.2 No statement on bias can be made as no suitable
20.1 By hand, tear a 2- to 3-g air-dried test portion of theféference material exists for determining bias.

sample into 1 to 1.5-cm pieces and store in closed airtight, TEST METHOD D—WET ASHING OF CELLULOSE

glass or polyethylene bottles. FOR INORGANICS
20.2 Weigh a 1-g portion of the prepared sample:tt mg, 23. Summary of Test Method

and wrap in a square of black ignition paper.

20.3 Weigh a second portion of sample, approximately 1 g 23.1 A test specimen of pulp is torn into small pieces
to =1 mg, and determine the moisture content in accordanc@Pproximately 1 cm across, saturated with a solution of
with Test Methods D 1348. This test method determines th&ydrogen peroxide, and added one piece at a time to a small
weight loss on a 1-g specimen placed in a gravity convectiofyolume of concentrated sulfuric acid.

oven at 105°C for 4 h. 23.2 The cellulose is oxidized to carbon dioxide and water.
20.4 Add by pipet, 10 mL of 0.% H,SO, as an absorption The water is volatilized by the heat of the reactions involved.

solution to the combustion flask. 23.3 An analyst experienced with the technique can ash 30
20.5 Place the specimen contained in the wrapper into th@ of pulp into an initial volume of only 10 mL of sulfuric acid

platinum carrier and insert into the flask. in about 30 min. Total procedural time for converting a 30-g

20.6 Allow a stream of oxygen from a |0W_pressure, regu_SDECimen to solution in a form suitable for aliquoting for
lated supply (2 to 3 Ib./iR.(14 to 21 kPa)) to flow into the flask Metals analysis is about 2 h.
for a period of 30 s to displace the air. Secure the stopper in thg4, Apparatus
flask with the pinch clamp and place the expansion balloon on

L N
the side tube. 24.1 Balance sensitivity to+0.01 g.

24.2 Beakers Berzelius, 300-mL.
Note 12—Precaution: It is required that laboratory goggles be worn  24.3 Beakers 150-mL.

during 20.6, 20.7, and 20.8 as a safety measure. 24.4 Cylinder, graduated-pharmaceutical, 50-mL.
20.7 Place the flask behind a safety shield or in a hood with 24.5 Forceps 20-cm stainless steel, TFE-fluorocarbon
a protective door. tipped.

20.8 Turn on the igniter and focus the infrared light beam on 24.6 Hot Plate sensitive temperature control, ceramic-top
the fuse strip of the black paper wrapper until ignition occurssurface or alternative sm_table for use with platinum ware.
Allow the specimen to burn completely and cool the flask forMetal surfaces are not suitable.

1 h so that all vapors are absorbed in the solution. 24.7 Pipet 10-mL. _

20.9 Transfer the solution to a 150-mL beaker and rinse the 24.8 Rubber Bulb for filling pipet.
Ilr?sk t\;Vith t}[/_vo 15-Imtl__ po_rti(gr?s t())f dkeionized water and add toog. Reagents

e absorption solution in the beaker. . 0

20.10 Transfer the contents of the beaker to a 50-mL 221 Hydrogen Peroxide50 % H.O,.
volumetric flask and rinse with 2 to 4-mL portions of deionized Note 15—The actual concentration is not critical, but the absolute
water. Add water to bring to 50-mL volumddentify as  minimum is 30 % below which the test fails. One should be aware that
Schoniger ash solution. hydrogen peroxide solution tends to lose strength upon standing.

20.11 Ash a black wrapper identical in weight to one used 25.2 Sulfuric Acid concentrated k80,.
for wrapping the specimen by following 20.4 to 20.10. Identify 26. Hazards

aswrapper and absorption solution blank. . . .
26.1 The procedure specifies many repetitive manual addi-

_ _ tions of a strong oxidant and organic material to concentrated
211 Calcylate the_ concentration equivalent for oven-dryacid. It is imperative that the analyst wears protective equip-
cellulose,C, in Schoniger ash solution, as follows (Note 13): ment for the eyes and hands, and works in a fume hood free of

21. Calculation

(A)(B) distraction during the steps in Section 28.
C=srrrm 5
0100 ®) " 57, sampling
where: 27.1 Select an appropriate sized sample as specified in the
A = weight of cellulose specimen, and methods for inorganic elements to be determined, with an
B = oven-dry cellulose in specimen, % allowance for a moisture determination.
27.2 Tear the pulp by hand into small pieces approximately

Note 13—Use of the solution for subsequent analysis assumes parallel

treatment of both the Schoniger ash solution and the wrapper absorpti cm acro;s. . .
solution blank to provide for the analytical blank correction. 27.3 Weigh the selected weight of the specimen to 0.01 g.

NoTe 14—The purpose in specifying the calculation of equivalent 27.4 Determine the moisture content on a separate specimen
oven-dry cellulose in grams per millilitre is to provide for convenient usein accordance with Test Methods D 1348.
of aliquots for subsequent elemental analyses. 27.5 Correct the specimen weight (27.3) to the oven-dry

22 Precision and Bias basis for subsequent calculations.

22.1 A precision of 20 % relative is found for specimens at28. Procedure
the 0.2 % ash content level. The operator’s technique is very 28.1 Pipet 10 mL of HSO, to a 300-mL tall form Berzelius
important in keeping the precision at a high level. beaker.
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28.2 Place approximately 10 g of the weighed pulp speci- Note 17—If the acid discolors, remove the beaker from the hot plate,
men into a 150-mL beaker. allow it to cool, and add 2 to 3 mL of O, to the beaker. Return the
28.3 Pour approximately 50 mL of J@, into a 50-mL beaker to the hot plate and continue heating. Repeat this step as required
: to attain a colorless solution.
graduated cylinder. _ . .
28.4 Distribute approximately 30 mL of the measured 28.12 Continue heating to remove the excess acid.

portion of H,O, over the 10 g of specimen allowing the pulpt0 nore 18 The final volume of acid is selected relative to subsequent
saturate with it. analyses, however 2 to 3 mL has been satisfactory for most applications.
28.5 A.dd 210 3 mL of HO, to the 10 mL of HSQ, by . 28.13 Remove the beaker from the hot plate, allow it to
a”Ong I to'run' down the S'.de of thg beqker. Carefully swirl cool, and with extreme care add distilled water, allowing it to
to mix, resulting in gas evolution. If mild boiling is not evident, flow down the side of the beaker to the required dilution

heat gently on hot plate to induce it, then remove the beakef,;ster it to a 25-mL volumetric flask and adjust to volume.
from the hot plate.

28.6 With stainless tongs, add the pulp saturated wig®_H Note 19—If an ash-determination is desired, transfer the solution to a

one piece at a time allowing for almost complete destructiorPreweighed platinum dish, take to dryness, and ignite at approximately
between each addition 400°C prior to weighing. The residue may then be taken up in distilled

water for elemental analysis. Some sulfates may be difficult to solubilize,
Note 16—A porcelain spatula has been used in place of stainless tonggarticularly ferric sulfate, requiring subsequent heating.

to trgnsfzr t:‘et pulljp |t° the acid t";”f_’ 'Ea%’ be prtefe”:able ;‘?r Spf‘:imeT?fti” 28.14 Prepare a reagent blank corresponding to the 10 mL
powdered state. FUIps vary In their behavior fo fhe ashing step. Thilht 1y 50, and the volume of KO, used by slow addition of
grams of some pulps have been ashed with only 2 or 3 additions@§ H . f th id h id foll d b |
separate from the pulp. These are required whenever the acid retains3Cr€ments of the peroxide to the acid followed by gentle
brown or black residue after destruction of a pulp addition. With otherh€ating to remove the oxygen and water. Complete the blank in
pulps, ten or more 1 to 2 mL additions of hydrogen peroxide may beaccordance with 28.12 and 28.13.

required. 28.15 The solutions from 28.13 and 28.14 are now suitable

28.7 After the initial 10-g portion of pulp has been ashed,for subsequent elemental analysis.
repeat 28.2 to 28.6 on a second 10-g portion of the weighed9. Precision and Bias

specimen. 29.1 A precision of 20 % relative is found for specimens at
28.8 Repeat 28.7 until the total specimen is ashed. the 0.5 %pash content Ievgl P

28'9. Rin_sg the sides of the beaker containing ashgq SPECI-59 2 No statement of bias can be made as no suitable
men with dls'§|lled water from a wash bottle. Use the MINIMUM o0 ance material exists for determining bias.
amount required.

28.10 Swirl the beaker to mix the rinse water with the acid.30- Keywords

28.11 Place the beaker on the hot plate and heat to the point30.1 bleached; Schoniger oxidation; sulfated ash; wet ash-
that dense fumes of }J$0, evolve. ing

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



