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This standard is issued under the fixed designation C 114; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 15 Sulfur

1.1 These test methods cover the chemical analyses qf; Sulfur Trioxide
. 2 Sulfide

hydraulic cements. Any test methods of demonstrated accepis
able precision and bias may be used for analysis of hydrauligs-1
cements, including analyses for referee and certification puf}?'z
poses, as explained in Section 3. Specific chemical test.1
methods are provided for ease of reference for those desiring t3-2
use them. They are grouped as Reference Test Methods a
Alternative Test Methods. The reference test methods are long
accepted wet chemical test methods which provide a reason-

. . . . 21
ably well-integrated basic scheme of analysis for hydraulic,,
cements. The alternative test methods generally provide indis
vidual determination of specific components and may be use¢?!

o o 24
alone or as alternates and determinations within the basig;
scheme at the option of the analyst and as indicated in thes

Loss On Ignition
Portland Cement
Portland Blast-Furnace Slag Cement and Slag Cement
Sodium and Potassium Oxides
Total Alkalis
Water-Soluble Alkalis
Manganic Oxide
Chloride
Chloroform-Soluble Organic Substances
Alternative Test Methods
Calcium Oxide
Magnesium Oxide
Loss on Ignition
Portland Blast-Furnace Slag Cement and Slag Cement
Titanium Dioxide
Phosphorus Pentoxide
Manganic Oxide

individual method.
1.2 Contents:

Section Subject
2 Referenced Documents
3 Number of Determinations and Permissible Variations
3.1 Referee Analyses
3.2 Optional Analyses
3.3 Performance Requirements for Rapid Test Methods
3.4 Precision and Bias
4 General
4.1 Interferences and Limitations
4.2 Apparatus and Materials
4.3 Reagents
4.4 Sample Preparation
4.5 General Procedures
4.6 Recommended Order for Reporting Analyses
Reference Test Methods
5 Insoluble Residue
6 Silicon Dioxide
6.2 Cements with Insoluble Residue Less Than 1 %
6.3 Cements with Insoluble Residue Greater Than 1 %
7 Ammonium Hydroxide Group
8 Ferric Oxide
9 Phosphorus Pentoxide
10 Titanium Dioxide
11 Zinc Oxide
12 Aluminum Oxide
13 Calcium Oxide
14 Magnesium Oxide

27 Free Calcium Oxide

Appendices Title

Appendix X1 Example of Determination of Equivalence Point
for the Chloride Determination

Appendix X2  CO,Determinations in Hydraulic Cements

1.3 The values stated in Sl units are to be regarded as the
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to useSee 6.3.2.1 and
Note 43 for specific caution statements.

2. Referenced Documents

2.1 ASTM Standards:

C 25 Standard Test Methods for Chemical Analysis of
Limestone, Quicklime, and Hydrated Lirhe

C 115 Test Method for Fineness of Portland Cement by the
Turbidimetef

C 150 Specification for Portland Cemént

C 183 Practice for Sampling and the Amount of Testing of
Hydraulic Cemertt

C 595 Specification for Blended Hydraulic Ceménts

D 1193 Specification for Reagent Water

E 29 Practice for Using Significant Digits in Test Data to

1 These test methods are under the jurisdiction of ASTM Committee CO1 on
Cement and are the direct responsibility of Subcommittee C01.23 on Compositional

Analysis.
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Determine Conformance with Speciﬁcatiéns TABLE 1 Maximum Permissible Variations in Results ~ “
E 275 Practice for Describing and Measuring Performance (Column 3)
of Ultraviolet, Visible, and Near Infrared Spectrophotom- ﬁg}'gﬂ“ﬂf) D_ﬁx:ﬁg‘;t‘:;me
Imu I
eters . . ((:Co?r:ur:rr:e:;)t Difference Average of
E 350 Test Methods for Chemical Analysis of Carbon Steel, P Between  Duplicates from
- ; veen | >
Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron, and Duplicates S'?Vgluiirgfggte
Wrought Irorf
E 617 gS ecification for Laboratory Weights and Precision $I0z(Siicon dioxide) 016 =02
p y g Al,O5(aluminum oxide) 0.20 +0.2
Mass Standards Fe,Os(ferric oxide) 0.10 +0.10
E 832 Specification for Laboratory Filter Papgkrs CaO (calcium oxide) 0.20 *03
MgO (magnesium oxide) 0.16 +0.2
. . L .. SOg(sulfur trioxide 0.10 +0.1
3. Number of Determinations and Permissible Variations LOI3((Ioss on ignitio)n) 010 4010
3.1 Referee Analyses The reference test methods that NazO (sodium oxide) 0.03 +0.05
. . . K,O (potassium oxide) 0.03 +0.05
follow in Sections 5-20, or other test methods qualified rio,itanium dioxide) 0.02 40.03
according to 3.3, are required for referee analysis in those case&0s(phosphorus pentoxide) 0.03 +0.03
where conformance to chemical specification requirements ar%A’LO O(Zé’rlfaﬁggﬁ)c oxice) 8-82 fg-gg
qqestioned. In these cases, a cement shall not be rejected f@r(§u|?ide sulfur) 001 T
failure to conform to chemical requirements unless all deter-cl (chioride) 0.003 £
; ; ; ; IR (insoluble residue) 0.10 E
minations of constituents involved and all necessary SePAraC. oo aicium oxide) 0.20 .
tions prior to the determination of any one constituent are made-o,(carbon dioxide) 012 EF
entirely by reference test methods prescribed in the appropriat@lk..(water-soluble alkali)® 0.75/w c

sections of this test method or by other qualified test methodsCMa(Chloroform-soluble organic substances) _ 0.004

except when specific test methods are prescribed in theAWhen seven SRM cements are _required, as for demons_trating the pe_rfor—
dard ificati f th ti ti The t mance of rapid test methods, at least six of the seven shall be within the prescribed
standar Specincation Tor € cement In quesuon. € eSIT'nits and the seventh shall differ by no more than twice that value. When more

methods actually used for the analysis shall be designated. than seven SRM's are used, as for demonstrating the performance of rapid test

3.1.1 Referee analyses when there is a question regardiﬁgth"dsv at least 77 % shall be within the prescribed limits, and the remainder by
o ’ more than twice the value. When a lesser number of SRM cements are

acceptance: shall be made in duplicate and the analyses Shalllrb&ired, all of the values shall be within the prescribed limits.
made on different days. If the two results do not agree within ®Where no value appears in Column 3, SRM certificate values do not exist. In

the permissible variation given in Table 1. the determinationsuch cases, only the requirement for differences between duplicates shall apply.
' € Interelement corrections may be used for any oxide standardization provided

shall be repeated until two or three results agree within th@nproved accuracy can be demonstrated when the correction is applied to all
permissible variation. When two or three results do agreeeven SRM cements.

e o Py f _ P Where an SRM certificate value includes a subscript number, that subscript
within the permissible variation, their average sh_all De ac- ot shall ba treated as a valid significant figure.
cepted as the correct value. When an average of either two Or& not applicable. No certificate value given.
three results can be calculated, the calculation shall be based oi Demonstrate performance by analysis, in duplicate, of at least one Portland

. ent. Prepare three standards, each in duplicate: Standard A shall be selected
the three results. For the purpose of comparing analyses alﬁ’arrzland cement; Standard B shall be Standard A containing 2.00 % Certified

calculating the average of acceptable results, the percentagego, (such as NIST 915a); Standard C shall be Standard A containing 5.00 %
shall be calculated to the nearest 0.01 (or 0.001 in the case éFrFiﬂedﬂ?aCC% : Weitgh fmdf PLepare nwo separae Spe‘?imensfoftﬁact'\]NSta“dlafd-
. ssign the , content of Standar as the average of the two values

chloroform-soluble organic substances), a_lthQUQh SQme of th termined, provided they agree within the required limit of Column 2. Assign CO,
average values are reported to 0.1 as indicated in the te&fues to Standards B and C as follows: Multiply the Certified CaCO, value (Y) for
methods. When a blank determination is specified, one shall g2 (from the certificate value) byAthe mass fraction qf Certified CaCO4 agided to
made with h individual analvsi r with h ar f twi that standard (percentage added divided by 100); multiply the value determined for
aae eac ual analysis 0 each group o Ostandard A by the mass fraction of Standard A in each of the other standards (that

or more samples analyzed on the same day for a giveR, 0.98 and 0.95 for Standards B and C, respectively); add the two values for
component. Standard A and for Standard B, respectively; call these values B and C.

. Example:
3.1.2 Referee analyses or analyses intended for use as a B:%_98A+0_02Y

basis for acceptance or rejection of a cement or for manufac- C€=0.95A +0.05Y.

turer's certification shall be made only after demonstration of "iere for Certiied cacs . 1Y =39.9%

precise and accurate analyses by the test methods in use by C = 0.95A + 2,00 % bil/ mass.

meeting the requirements of 3.1.3, except when demonstratedvlaxitmuT di:eﬁegc% kﬁtweznotgi g/uglicate COAZ values ft)frtitagda;dstB anld C,
under 3.3.2.1. Such demonstration may be made concurren{§ i R ot G iter rom tnei assigned values (B and C) by no more
with analysis of the cement being tested and must have beeikun 10 % of those respective assigned values.

made within the preceding two years. The demonstration is ©w = weight, in grams, of samples used for the test.

required only for those constituents being used as a basis for

acceptance, rejection, or certification of a cement, but may be

made for any constituent of cement for which a standard exists, 3-1.3 Initial qualification of the operator/analyst shall be
demonstrated by analysis of each constituent of concern in at

least one SRM cement (Note 1) no matter what test method is
+ Annual Book of ASTM Standardésl 14.02. used (for example, gravimetric, instrumental). Duplicate
s Annual Book of ASTM Standardgol 03.06. samples shall be run on different days. The same test methods
® Annual Book of ASTM Standardgol 03.05. to be used for analysis of cement being tested shall be used for
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analysis of the SRM cement. If the duplicate results do not 3.3 Performance Requirements for Rapid Test Methods:
agree within the permissible variation given in Table 1, the 3.3.1 Definition and Scope-Where analytical data obtained
determinations shall be repeated, following identification andn accordance with this test method are required, any test
correction of problems or errors, until a set of duplicate resultsnethod may be used that meets the requirements of 3.3.2. A
do agree within the permissible variation. test method is considered to consist of the specific procedures,

Note 1—The term SRM samples refers to NIST Hydraulic—Cementreagents’ supplies, equipment, instrument, etc. selected and

Chemical Standard Reference Materials, or other acceptable referent$€d in @ consistent manner by a specific laboratory. See Note
cement as defined in 3.1.6. 3 for examples of procedures.

3.1.4 The average of the results of acceptable duplicate Note 3—Examples of test methods used successfully by their authors
determinations for each constituent may differ from the SRMfor analysis of hydraulic cement are given in the list of references.
assigned value by no more than the value shown in column icluded are test methods using atomic absorption X-ray spectrometry,
of Table 1 after correction for minor components when needed"d SPectrophotometry-EDTA.

3.1.5 Data demonstrating that precise and accurate results3.3.1.1 If more than one instrument, even though substan-
were obtained with SRM cements by the same analyst makintally identical, is used in a specific laboratory for the same
the acceptance determination shall be made available omhalyses, use of each instrument shall constitute a separate test
request to all parties concerned when there is a question @hethod and each must be qualified separately.
acceptance of a cement. If the SRM used is not a NIST cement, 3.3.2 Qualification of a Test MetheéPrior to use for
the traceability documentation of the SRM used shall also b&nalysis of hydraulic cement, each test method (see 3.3.1) must
made available on request. be qualified individually for such analysis. Qualification data,

3.1.6 Acceptable reference cements are NIST SRMs (Noter if applicable, requalification data, shall be made available
1), or other reference cements traceable to the NIST SRMgfursuant to the Manufacturer's Certification Section of the
The reference cement must have an assigned value for ti@propriate hydraulic cement specification.
analyte being determined. Traceability consists of documentary 3.3.2.1 Using the test method chosen, make single determi-
evidence that the assigned values of the reference cement drations for each oxide under consideration on at least seven
compatible with the certified values of NIST SRMs. To SRM samples (Note 1). Complete two rounds of tests on
demonstrate traceability for a given analyte, perform a refereéifferent days repeating all steps of sample preparations.
analysis (as defined in 3.1) on the proposed reference cemefigiculate the differences between values and averages of the
using a NIST SRM for demonstration of precision and accuvalues from the two rounds of tests.
racy. The reference cement is acceptable if its assigned value3.3.2.2 When seven SRM's are used in the qualification
agrees with the average referee value within the limits given iProcedure, at least six of the seven differences between
column 3 of Table 1. An acceptable reference cement must béuplicates obtained of any single component shall not exceed
accompanied by a document showing the data produced e limits shown in Column 2 of Table 1 and the remaining
demonstrating traceability. differences by no more than twice that value. When more than

3.2 Optional Analyses-The alternative test methods pro- seven SRM's are used, the values for at least 77 % of the
vide, in some cases, procedures that are shorter or mog@mples shall be within the prescribed limits, while the values
convenient to use for routine determination of certain constitufor the remainder shall differ by no more than twice that value.
ents than are the reference test methods (Note 2). Longer, more3.3.2.3 For each component and each SRM, the average
complex procedures, in some instances, have been retained@#ained shall be compared to the certified concentrations.
alternative test methods to permit comparison of results byVhere a certificate value includes a subscript number, that
different procedures or for use when unusual materials argubscript shall be assumed to be a significant number. When
being examined, where unusual interferences may be su§even SRM's are used in the qualification procedure, at least
pected, or when unusual preparation for analysis is require@ix of the seven averages for each component (oxide) shall not
Test results from alternative test methods may be used asdiffer from the certified concentrations by more than the value
basis for acceptance or rejection when it is clear that a cemeghown in Column 3 of Table 1, and the remaining average by
does or does not meet the specification requirement. Angnore than twice that value. When more than seven SRM's are
change in test method procedures from those procedures listéged in the qualification procedure, at least 77 % of the
in Sections 5-27 requires method qualification in accordancéverages for each component (oxide) shall not differ from the
with 3.3. certified concentrations by more than the value shown in
Column 3 of Table 1, and the remaining average(s) by more

Note 2—It is not intended that the use of reference test methods b?han twice that value. The standardization. if needed. used for
confined to referee analysis. A reference test method may be used In ’ ! !

preference to an alternative test method when so desired. A reference tégtla“f'cat'on and ,for a”a'YS'_S of each constituent S,ha” _be
method must be used where an alternative test method is not provideddetermined by valid curve-fitting procedures. The qualification

3.2.1 Duplicate analyses and blank determinations are n(§§stlng shall be conducted with newly prepared specimens.

required when using the alternative test methods. If, however, Note 4—An actual drawing of a curve is not required if such curve is
a blank determination is desired for an alternative test method,

one may be used and it need not have been obtained concur-

rently with the anaIyS|_s. T_he final results, When_ corrected for 7 Gebhardt, R. F., “Rapid Methods for Chemical Analysis of Hydraulic Cement,”
blank values, should, in either case, be so designated. ASTM STP 985, 1988.
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not needed for the method in use. A point-to-point, saw-tooth curve thatis 4.1.1 These test methods were developed primarily for the
artificia_lly made to fit a set of data points does not constitute a validana|ysis of portland cements. However, except for limitations
curve-fitting procedure. noted in the procedure for specific constituents, the reference
3.3.3 Partial Results— Test Methods that provide accept- test methods provide for accurate analyses of other hydraulic
able results for some components but not for others may beements that are completely decomposed by hydrochloric acid,
used only for those components for which acceptable resul@r where a preliminary sodium carbonate fusion is made to
are obtained. ensure complete solubility. Some of the alternative test meth-
3.3.4 Report of Results-Chemical analyses obtained by 0ds may not always provide accurate results because of
qualified rapid test methods and reported pursuant to thi#terferences from elements which are not removed during the
Manufacturer’s Certification Section of the appropriate hydrauprocedure.
lic cement specification shall be indicated as having been 4.1.2 When using a test method that determines total sulfur,
obtained by rapid methods and the type of test method usestch as most instrumental test methods, sulfide sulfur will be

shall be designated. determined with sulfate and included as such. In most hydrau-
3.3.5 Rejection of Materia-See 3.1 and 3.2. lic cements, the difference resulting from such inclusion will be
3.3.6 Requalification of a Test Method insignificant, less than 0.05 weight %. In some cases, notably

3.3.6.1 Requalification of a test method shall be requiredlags and slag-containing cements but sometimes other ce-
upon receipt of substantial evidence that the test method majents as well, significant levels of sulfide may be present. In
not be providing data in accordance with Table 1 for one osuch cases, especially if there is a question of meeting or not
more constituents. Such requalification may be limited to thos&eeting a specification limit or when the most accurate results
constituents indicated to be in error and shall be carried oudre desired, analytical test methods shall be chosen so that
prior to further use of the method for analysis of thosesulfate and sulfide can be reported separately.
constituents. 4.2 Apparatus and Materials

3.3.6.2 Substantial evidence that a test method may not be 4.2.1 Balance—The analytical balance used in the chemical
providing data in accordance with Table 1 shall be consideredeterminations shall conform to the following requirements:
to have been received when a laboratory is informed that 4-2.1.1 The balance shall be capable of reproducing results
analysis of the same material by Reference Test Methods run #ithin 0.0002 g with an accuracy af0.0002 g. Direct-reading
accordance with 3.1.1, the final average of a CCRL sample, Balances shall have a sensitivity not exceeding 0.0001 g (Note
certificate value of an NIST SRM, the assigned value of arf). Conventional two-pan balances shall have a maximum
alternate SRM, or an accepted value of a known seconda:'zjenSib”ity reciprocal of 0.0003 g. Any rapid weighing device
standard differs from the value obtained by the test method ifhat may be provided, such as a chain, damped motion, or
question by more than twice the value shown in Column 2 ofi€avy riders, shall not increase the basic inaccuracy by more
Table 1 for one or more constituents. When indirect testhan 0.0001 g at any reading and with any load within the rated
methods are involved, as when a value is obtained by differcapacity of the balance.
ence, corrections shall be made for minor constituents in order o 6—The sensitivity of a direct-reading balance is the weight
to put analyses on a comparable basis prior to determining th@quired to change the reading one graduation. The sensibility reciprocal
differences. (See Note 5.) For any constituents affected, a tektr a conventional balance is defined as the change in weight required on
method also shall be requalified after any substantial repair gtither pan to change the position of equilibrium one division on the pointer
replacement of one or more critical components of an instruscale at capacity or at any lesser load.

ment essential to the test method. 4.2.2 Weights—Weights used for analysis shall conform to
Note 5—Instrumental analyses can usually detect only the elementYP€S I Or Il, Grades S or O, Classes 1, 2, or 3 as described in
sought. Therefore, to avoid controversy, the actual procedure used for thePecification E 617. They shall be checked at least once a year,
elemental analyses should be noted when actual differences with referenog when questioned, and adjusted at least to within allowable
procedures can exist. For examplg,OB and TiO, are included with  tolerances for Class 3 weights (Note 7). For this purpose each
AIZO3 in the usual wet test_method and sulfide sulfur is included in mosqaboratory shall also maintain, or have available for use, a
instrumental procedures with SO reference set of standard weights from 50 g to 10 mg, which
3.3.6.3 If an instrument or piece of equipment is replacedshall conform at least to Class 3 requirements and be calibrated
even if by one of identical make or model, or is significantly at intervals not exceeding five years by the National Institute of
modified, a previously qualified test method using such new oBtandards and Technology (NIST). After initial calibration,
modified instrument or equipment shall be considered a newecalibration by the NIST may be waived provided it can be
method and must be qualified in accordance with 3.3.2. shown by documented data obtained within the time interval
3.4 Precision and Bias-Different analytical test methods specified that a weight comparison between summations of
are subject to individual limits of precision and bias. It is thesmaller weights and a single larger weight nominally equal to
responsibility of the user to demonstrate that the test method®at summation, establishes that the allowable tolerances have
used at least meet the limits of precision and bias shown ifnot been exceeded. All new sets of weights purchased shall

Table 1. have the weightsfol g and larger made of stainless steel or
other corrosion-resisting alloy not requiring protective coating,

4. General and shall meet the density requirements for Grades S or O.
4.1 Interferences and Limitations Note 7—The scientific supply houses do not presently list weights as
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meeting Specification E 617. They list weights as meeting NIST or OIML  4.2.7 Muffle Furnace— The muffle furnace shall be capable
standards. The situation with regard to weights is in a state of flux becausgf operation at the temperatures required and shall have an
of the trend toward internationalization. Hopefully this will soon be indicating pyrometer accurate within25°C, as corrected, if

resolved. necessary, by calibration. More than one furnace may be used
NIST Classes S and S-1 and OIML Classg Wweights meet the Y, by ) Yy

requirements of this standard. provided each is used within its proper operating temperature
, range.
4.2.3 Glassware and Laboratory ContainersStandard 4.3 Reagents

volumetric flasks, burets, and pipets should be of precision
grade or better. Standard-taper, interchangeable, ground-gl
joints are recommended for all volumetric glassware an
distilling apparatus, when available. Wherever applicable, th
use of special types of glassware, such as colored glass for t
protection of solutions against light, alkali-resistant glass, an
high-silica glass having exceptional resistance to thermal shoc
is recommended. Polyethylene containers are recommend

for all aqueous solutions of alkalies and for standard solutions
where the presence of dissolved silica or alkali from the glasgp7

4.3.1 Purity of Reagents-Reagent grade chemicals shall be
Sed in all tests. Unless otherwise indicated, it is intended that
Il reagents shall conform to the specifications of the Commit-
fee on Analytical Reagents of the American Chemical Society,

ere such specifications are availab®ther grades may be
sed, provided it is first ascertained that the reagent is of
ficiently high purity to permit its use without lessening the
curacy of the determination.

4.3.2 Unless otherwise indicated, references to water shall
ean water conforming to the numerical limits for Type Il

would be objectionable. Such containers shall be made eagent water described in Specification D 1193.

high-density polyethylene having a wall thickness of at least 4.3.3 Concentration of Reagents

mm. .
. . . . 4.3.3.1 Prepackaged Reagert€Commercial prepackaged
4.5.4(11D§5|cczitors— rl]3e5|ccators s_hall be pL(TV'd?d W't? atséandard solutions or diluted prepackaged concentrations of a
g:)o . esmcarllf, suc 'da: hmadgnesmml perc (I)frat € ac |v|a<? agent may be used whenever that reagent is called for in the
alumina, or suliuric acid. Annydrous calcium sultate may alSo,ceqyres provided that the purity and concentrations are as

'be.used provided it ha§ been trgated W't.h a color-chgng pecified. Verify purity and concentration of such reagents by
indicator to show when it has lost its effectiveness. Calciu Litable tests

chzllog%elzl_sltnotgsat|sfac|t:c_)|;y desiccant I]or”thls tl;pe of tansttlﬁ/ms. 4.3.3.2 Concentrated Acids and Ammonium Hydroxide
9 etr ;apser— i ' (ta.r paEpggzs _Ie_l co|||1 orm ?’t t'e When acids and ammonium hydroxide are specified by name
\r/(\a/(rq]ulzeme? S toxt Fedm Ica '?? h ir’d %’F ,EQuanrl ah'Vﬁ' r chemical formula only, it shall be understood that concen-
en coarse-textured paper IS required, L1ass £ paper sha ted reagents of the following specific gravities or concen-
used, when medium-textured paper is required, Class F papgr .. : : '
i . X ations by weight are intended:
shall be used, and when retentive paper is required, Class
shall be used.
4.2.6 Crucibles—Platinum crucibles for ordinary chemical
analysis should preferably be made of pure unalloyed platinum #Rreagent Chemicals, American Chemical Society Specificatfomgrican
and be of 15 to 30-mL capacity. Where alloyed platinum isChemical Society, Washington, DC. For suggestions on the testing of reagents not

H H inlei ; isted by the American Chemical Society, s@gealar Standards for Laboratory
used for greater stifiness or to obviate StICkmg of crucible an hemicals,BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia

lid, the alloyed platinum should not decrease in Welght by MOrgng National FormularyJ.S. Pharmacopeia Convention, Inc. (USPC), Rockville,
than 0.2 mg when heated at 1200°C for 1 h. MD.
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Acetic acid (HC,H50,) 99.5 % 4.4.4 Transfer the sample to a clean, dry, glass container

Eygmﬁhlor_ic ac_i?((lziFC)I) ig og/r 1.19 with an airtight lid and further mix the sample thoroughly.
rotluoric aci 0 H .

Niio acid (HNO,) sp o 1.42 4.4.5 Expedite the above procedure so that the sample is

Phosphoric acid (H;P0.,) 85 %% exposed to the atmosphere for a minimum time.

Sulfuric acid (H,SO,) sp gr1.84 4.5 General Procedures

Ammonium hydroxide (NH,OH) sp gr 0.90

4.5.1 Weighing—The calculations included in the individual
test methods assume that the exact weight specified has been
4.3.3.3 The desired specific gravities or concentrations of allsed. Accurately weighed samples, that are approximately but
other concentrated acids shall be stated whenever they ag@t exactly equal to the weight specified, may be used provided
specified. appropriate corrections are made in the calculations. Unless
4.3.4 Diluted Acids and Ammonium Hydroxide otherwise stated, weights of all samples and residues should be
Concentrations of diluted acids and ammonium hydroxiderecorded to the nearest 0.0001 g.
except when standardized, are specified as a ratio stating the4,5.2 Tared or Weighed CruciblesThe tare weight of
number of volumes of the concentrated reagent to be added t9ucibles shall be determined by preheating the empty crucible
a given number of volumes of water, for example: HCI (1+99)to constant weight at the same temperature and under the same
means 1 volume of concentrated HCI (sp gr 1.19) added to 98onditions as shall be used for the final ignition of a residue and
volumes of water. cooling in a desiccator for the same period of time used for the
4.3.5 Standard Solutions-Concentrations of standard solu- crucible containing the residue.
tions shall be expressed as normalitisy ¢r as equivalents in 4.5.3 Constancy of Weight of Ignited ResidueBo defi-
grams per millilitre of the component to be determined, fornitely establish the constancy of weight of an ignited residue
example: 0.IN N&,S,0; solution or KCr,0,(1 mL =0.004 g  for referee purposes, the residue shall be ignited at the specified
Fe,0;). The average of at least three determinations shall beemperature and for the specified time, cooled to room tem-
used for all standardizations. When a material is used as gerature in a desiccator, and weighed. The residue shall then be
primary standard, reference has generally been made to theheated for at least 30 min, cooled to room temperature in a
standard furnished by the National Bureau of Standardsjesiccator, and reweighed. If the two weights do not differ by
However, when primary standard grade materials are otherwis@ore than 0.2 mg, constant weight is considered to have been
available they may be used or the purity of a salt may bettained. If the difference in weights is greater than 0.2 mg,

determined by suitable tests. _ additional ignition periods are required until two consecutive
4.3.6 Nonstandardized SolutiorsConcentrations of non- weights agree within the specified limits. For ignition loss,

standardized solutions prepared by dissolving a given weighdach reheating period shall be 5 min.

of the solid reagent in a solvent shall be specified in grams of 4.5 4 \olatilization of Platinura—The possibility of volatil-

the reagent per litre of solution, and it shall be understood thafation of platinum or alloying constituents from the crucibles
water is the solvent unless otherwise specified, for examplanust be considered. On reheating, if the crucible and residue
NaOH solution (10 g/L) means 10 g of NaOH dissolved in|ose the same weight (within 0.2 mg) as the crucible containing
water and diluted with water to 1 L. Other nonstandardizedhe blank, constant weight can be assumed. Crucibles of the
solutions may be specified by name only, and the concentratiogame size, composition, and history shall be used for both the
of such solutions will be governed by the instructions for theirsample and the blank.

preparation. 4.5.5 Calculation— In all operations on a set of observed
4.3.7 Indicator Solutions values such as multiplying or dividing, where possible, retain
4.3.7.1 Methyl Red—Prepare the solution on the basis of 2 the equivalent of two more places of figures than in the single
g of methyl red/L of 95 % ethyl alcohol. observed values. For example, if observed values are read or
4.3.7.2 Phenolphthalein- Prepare the solution on the basis determined to the nearest 0.1 mg, carry numbers to the nearest
of 1 g of phenolphthalein/L of 95 % ethyl alcohol. 0.001 mg in calculation.
4.4 Sample Preparation 4.5.6 Rounding Figures- Rounding of figures to the num-

4.4.1 Before testing, pass representative portions of eadber of significant places required in the report should be done
sample through a No. 20 (850-pm) sieve, or any other sievafter calculations are completed, in order to keep the final
having approximately 20 openings/1 in., in order to mix theresults substantially free of calculation errors. The rounding
sample, break up lumps, and remove foreign materials. Discangrocedure should follow the principle outlined in Practice
the foreign materials and hardened lumps that do not break up 292

on sieving or brushing. Nore 8_Th di g ferred to in 4.5.6. in effect. d
: : ote 8—The rounding procedure referred to in 4.5.6, in effect, drops
4.4.2 By means of a sample splitter or by quartering, the I digits beyond the number of places to be retained if the next figure is

representative sample shall be reduced_ t.O a |aborat0r_y samp s than 5. If it is more than 5, or equal to 5 and subsequent places contain

of at least 50 g. Where larger quantities are required fog gigit other than 0, then the last retained digit is increased by one. When

additional determinations such as water-soluble alkali, chlothe next digit is equal to 5 and all other subsequent digits are 0, the last

ride, duplicate testing, etc., prepare a sample of at least 100 digit to be retained is unchanged when it is even and increased by one
4.4.3 Pass the laboratory sample through a U.S. No. 100

sieve (sieve opening of 150 um). Further grind the sieve

residue so that it also passes the No. 100 sieve. Homogenizes See also theASTM Manual on Presentation of Data and Control Chart

the entire sample by again passing it through the sieve. Analysis, STP 15D1976.
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when it is odd. For example 3.96 (50) remains 3.96 but 3.95 (50) becomethrough a medium-textured paper into a 400-mL beaker, wash

3.96. the beaker, paper, and residue thoroughly with hot water, and
4.6 Recommended Order for Reporting Analysdhe fol-  reserve the filtrate for the sulfur trioxide determination, if
lowing order is recommended for reporting the results ofdesired (Note 13). Transfer the filter paper and contents to the
chemical analysis of portland cement: original beaker, add 100 mL of hot (near boiling) NaOH

solution (10 g/L), and digest at a temperature just below
Major Components: boiling for 15 min. During the digestion, occasionally stir the
SiO,(silicon dioxide) mixture and macerate the filter paper. Acidify the solution with
Al,O5(aluminum oxide) HCI using methyl red as the indicator and add an excess of 4
Fe,O5(ferric oxide) . .
Ca0 (calcium oxide) or 5 drops of HCI. Filter through medium-textured paper and
MgO (magnesium oxide) wash the residue at least 14 times with hot N#D; solution
f;z(i)”;f%;{t'ig’::de) (20 g/L) making certain to wash the entire filter paper and
Minor Components: contents during each washing. Ignite the residue in a weighed
Na,O (sodium oxide) platinum crucible at 900 to 1000°C, cool in a desiccator, and
K50 (potassium oxide) Weigh.

TiO,(titanium dioxide)
P,0s(phosphorus pentoxide)
ZnO (zinc oxide)
Mn,Oz(manganic oxide)

Note 10—If sulfur trioxide is to be determined by turbidimetry it is
permissible to determine the insoluble residue on a 0.5-g sample. In this

Sulfide sulfur event, the percentage of insoluble residue should be calculated to the

Separate Determinations: nearest 0.01 by multiplying the weight of residue obtained by 200.
Insoluble residue However, the cement should not be rejected for failure to meet the
Free calcium oxide insoluble residue requirement unless a 1-g sample has been used.

CO,(Carbon Dioxide)
Water-soluble alkali
Chloroform—soluble organic substances

Note 11—If a sample of portland cement contains an appreciable
amount of manganic oxide, there may be brown compounds of manganese
which dissolve slowly in cold diluted HCI but rapidly in hot HCI in the
specified strength. In all cases, dilute the solution as soon as decomposi-
tion is complete.

Note 12—In order to keep the solutions closer to the boiling tempera-

. ture, it is recommended that these digestions be carried out on an electric
5. Insoluble Residue Reference Test Methgd hot plate rather than in a steam bath.

5.1 Summary of Test Method Note 13—Continue with the sulfur trioxide determination (15.1.2.1-
5.1.1 In this test method, insoluble residue of a cement g5:1.3) by diluting to 250 or 200 mL as required by the appropriate
determined by digestion of the sample in hydrochloric acid®®¢!°™
followed, after filtration, by further digestion in sodium hy-  5.3.2 Blank—Make a blank determination, following the
droxide. The resulting residue is ignited and weighed (Note 9)same procedure and using the same amounts of reagents, and
correct the results obtained in the analysis accordingly.

Note 9—This test method, or any other test method designed for the . .
estimation of an acid-insoluble substance in any type of cement, is 5.4 Calculation— Calculate the percentage of the insoluble

empirical because the amount obtained depends on the reagents and [ﬁé'due tO_ the nearest 0.01 by multiplying the weight in grams
time and temperature of digestion. If the amount is large, there may be @f the residue (corrected for the blank) by 100.

little variation in duplicate determinations. The procedure should be

followed closely in order to reduce the variation to a minimum. 6. Silicon Dioxide Reference Test Methqgd

5.1.2 When this test method is used on blended cement, the 6.1 Selection of Test MethedFor cements other than
decomposition in acid is considered to be complete when thportland and for which the insoluble residue is unknown,
portland-cement clinker is decomposed completely. An ammodetermine the insoluble residue in accordance with Section 5 of
nium nitrate solution is used in the final washing to preventhese test methods. For portland cements and other cements
finely-ground insoluble material from passing through the filterhaving an insoluble residue less than 1 %, proceed in accor-

REFERENCE TEST METHODS

paper. dance with 6.2. For cements having an insoluble residue
5.2 Reagents greater than 1 % proceed in accordance with 6.3.
5.2.1 Ammonium Nitrate Solutio(0 g NH,NO4/L). 6.2 Silicon Dioxide in Portland Cements and Cements with
5.2.2 Sodium Hydroxide Solutiofl0 g NaOH/L). Low Insoluble Residue
5.3 Procedure 6.2.1 Summary of Test Methedln this test method silicon

5.3.1 o 1 g of thesample (Note 10) add 25 mL of cold dioxide (SiQ) is determined gravimetrically. Ammonium
water. Disperse the cement in the water and while swirling thehloride is added and the solution is not evaporated to dryness.
mixture, quickly add 5 mL of HCI. If necessary, warm the This test method was developed primarily for hydraulic ce-
solution gently, and grind the material with the flattened end ofments that are almost completely decomposed by hydrochloric
a glass rod for a few minutes until it is evident that decompo-acid and should not be used for hydraulic cements that contain
sition of the cement is complete (Note 11). Dilute the solutionlarge amounts of acid-insoluble material and require a prelimi-
to 50 mL with hot water (nearly boiling) and heat the coverednary sodium carbonate fusion. For such cements, or if pre-
mixture rapidly to near boiling by means of a high-temperaturescribed in the standard specification for the cement being
hot plate. Then digest the covered mixture for 15 min at aanalyzed, the more lengthy procedure in 6.3 shall be used.
temperature just below boiling (Note 12). Filter the solution 6.2.2 Reagenrt-Ammonium chloride (NHCI).
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6.2.3 Procedure residue. Do not ignite the ammonium hydroxide group in the

6.2.3.1 Mix thoroughly 0.5 g of the sample and about 0.5 gcrucible containing this abnormally large HF residue.

of NH,Cl in a 50-mL beaker, cover the beaker with a watch 6.2.3.5 In the analysis of cements other than portland, it may
glass, and add cautiously 5 mL of HCI, allowing the acid to runnot always be possible to obtain HF residues under 0.0020 g.
down the lip of the covered beaker. After the chemical actiorin such cases, add 0.5 g of sodium or potassium pyrosulfate
has subsided, lift the cover, add 1 or 2 drops of HNQir the  (N&S,0; or K,S,0) to the crucible and heat below red heat
mixture with a glass rod, replace the cover, and set the beakeintil the small residue of impurities is dissolved in the melt
on a steam bath for 30 min (Note 14). During this time of (Note 16). Cool, dissolve the fused mass in water, and add it to
digestion, stir the contents occasionally and break up anihe filtrate and washings reserved for the determination of the
remaining lumps to facilitate the complete decomposition ofammonium hydroxide group.

the cement. F't a_medlum-texturfa_d_fllter_ paper 1o a funnel, Note 16—A supply of nonspattering pyrosulfate may be prepared by
transfer the jelly-like mass of silicic acid to the filter as neating some pyrosulfate in a platinum vessel below red heat until the
CO?D'_eter']y as Ff)losss‘ibliwri]thobm ?(”Utioﬂr,] and 6|1.||0W the SO('jUtionfoaming and spattering cease, cooling, and crushing the fused mass.
to drain through. Scrub the beaker with a policeman and rinse . . .
the beaker and policeman with hot HCI (1+99). Wash the filter 6.2.3.6 Blank—Make a blank determination, following the
two or three times with hot HCI (1+99) and then with ten or Same procedure and using the same amounts of reagents, and
twelve small portions of hot water, allowing each portion to COT€Ct the results obtained in the analysis accordingly.
drain through completely. Reserve the filtrate and washings for 6-2-4 Calculation— Calculate the percentage of Si@ the
the determination of the ammonium hydroxide group (Note'€arest 0.1 multiplying the mass in grams of Siy 200 (100
15). divided by the mass (see 6.2.3.1) or equivalent mass (see
6.3.2.1) of the sample used (0.5 g)).

Note 14—A hot plate may be used instead of a steam bath if the heat 6.3 Silicon Dioxide in Cements with Insoluble Residue
is so regulated as to approximate that of a steam bath. Greater Than 1 %

Under conditions where water boils at a lower temperature than at sea g 3 1 Summary of Test MethedThis test method is based
level: such as at higher elevations, 30 min may not be sufficient to recoveh the sodium carbonate fusion followed by double evapora-

all of the silica. In such cases, increase the time of digestion as necessaﬁ% to d ess of the hvdrochloric acid solution of the fusio
to get complete recovery of the silica. In no case should this time excee n (o dryness € hydrochiorc acid solution o usion

60 min. product to convert silicon dioxide (Sipto the insoluble form.
Note 15—Determine the ammonium hydroxide group in accordancel N€ solution is filtered and the insoluble siliceous residue is
with the procedure described in 7.1-7.3. ignited and weighed. Silicon dioxide is volatilized by hydrof-

. . . lporic acid and the loss of weight is reported as pure,SiO
6.2.3.2 Transfer the filter paper and residue to a Welghedu g P pure.

. . o , . 6.3.2 Procedure
platinum crucible, dry, and ignite, at first slowly until the 6.3.2.1 Weigh a quantity of the ignited sample equivalent to
carbon of the paper is completely consumed without inflaming 5' '01.‘ the as-received sample calculated as follows:
and finally at 1100 to 1200°C for 1 h. Cool in a desiccator anao' 9 P '
weigh. Reignite to constant weight. Treat the Si@us W =[(0.5(100.00— 1)}/’100 @)
obtained, which will contain small amounts of impurities, in where:
the crucible with 1 or 2 mL of water, 2 drops of,80, (1+1), W = Weight of ignited sample, g, and
and about 10 mL of HF, and evaporate cautiously to dryness; - |gss of ignition, %.

Finally, heat the small residue at 1050 to 1100°C for 5 Min,rhe ignited material from the loss on ignition determination

cool in a desiccator, and weigh. The difference between thi?nay be used for the sample. Thoroughly mix the sample with
weight and the weight previously obtained represents thg iq g g of NaCOs, by grinding in an agate mortar. Place a thin
weight of SiO,. Consider the weighed residue remaining afteqaw:)r of NaCO, on the bottom of a platinum crucible of 20 to
the volatilization of SiQ as combined aluminum and ferric 30-mL capacity, add the cement-MzO; mixture, and cover
oxides and _add it to thg result obtained in the determination ofye mixture with a thin layer of NAO,. Place the covered
the ammonium hydroxide group. crucible over a moderately low flame and increase the flame
6.2.3.3 If the HF residue exceeds 0.0020 g, the silicggradually to a maximum (approximately 1100°C) and maintain
determination shall be repeated, steps should be taken to ensykgs temperature until the mass is quiescent (about 45 min).
complete decomposition of the sample before a silica separ@emove the burner, lay aside the cover of the crucible, grasp
tion is attempted, and the balance of the analysis (ammoniufhe crucible with tongs, and slowly rotate the crucible so that
hydroxide group, CaO, and MgO) determined on the new silicahe molten contents spread over the sides and solidify as a thin
filtrate provided the new silica determination has a HF residughell on the interior. Set the crucible and cover aside to cool.
of 0.0020 g or less except as provided in 6.2.3.4 and 6.2.3.5Rinse off the outside of the crucible and place the crucible on
6.2.3.4 If two or three repeated determinations of a samplés side in a 300-mL casserole about one third full of water.
of portland cement consistently show HF residues higher thaVarm the casserole and stir until the cake in the crucible
0.0020 g, this is evidence that contamination has occurred idisintegrates and can be removed easily. By means of a glass
sampling or the cement has not been burned properly duringpd, lift the crucible out of the liquid, rinsing it thoroughly with
manufacture. In such a case, do not fuse the large HF residweater. Rinse the cover and crucible with HCI (1+3); then add
with pyrosulfate for subsequent addition to the filtrate from thethe rinse to the casserole. Very slowly and cautiously add 20
silica separation. Instead, report the value obtained for the HRL of HCI (sp gr 1.19) to the covered casserole. Remove the
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cover and rinse. If any gritty particles are present, the fusion isf the solution from red to orange and another drop to change the color
incomplete and the test must be repeated, using a new sampfem orange to yellow. If desired, the addition of the indicator may be

Caution: Subsequent steps of the test method must be fo|gle|aye(_1| until ferric hydr_oxide (Fe(OR)is prepipitated without aluminum

lowed exactly for accurate results hydroxide (Al(OH),) being completely precipitated. In such a case, the
o olor changes may be better observed. However, if the content,Gi;Fe

6.3.2.2 Evaporate the solution to dryness on a steam bafll,nysyally great, it may be necessary to occasionally let the precipitate

(there is no longer a gelatinous appearance). Without heatingttle slightly so that the color of the supernatant liquid can be observed.
the residue any further, treat it with 5 to 10 mL of HCI, wait at If the color fades during the precipitation, add more of the indicator.
least 2 min, and then add an equal amount of water. Cover th@bservation of the color where a drop of the indicator strikes the solution
dish and digest for 10 min on the steam bath or a hot platenay be an aid in the control of the acidity. The boiling should not be
Dilute the solution with an equal volume of hot water, prolonged as the color may reverse and the precipitate may be difficult to

. diatelv filter th h di textured d retain on the filter. The solution should be distinctly yellow when it is
immediately filter through medium-iexiured paper an Washeady to filter. If it is not, restore the yellow color with more NJ@H

the separated Sphoroughl_y with hot HCI (1+99), then with  (141) or repeat the precipitation.

hot water. Resferve the reS|due._ Note 20—To avoid drying of the precipitate with resultant slow
6.3.2.3 Again evaporate the filtrate to dryness, and bake th@tration, channeling, or poor washing, the filter paper should be kept

residue in an oven fal h at 105 to 10°C. Cool, add 10 to 15 nearly full during the filtration and should be washed without delay.

mL of HCI (1+1), and digest on the steam bath or hot plate for Nore 21—Two drops of methyl red indicator solution should be added

10 min. Dilute with an equal volume of water, filter immedi- to the NH,NO; solution in the wash bottle, followed by NOH (1+1)

ately on a fresh filter paper, and wash the small Si€sidue  added dropwise until the color just changes to yellow. If the color reverts

thoroughly as described in 6.3.2.2. Stir the filtrate and wash!C "ed at any time due to heating, it should be brought back to yellow by

ings and reserve for the determination of the ammoniurﬁhe addition of a drop of NEOH (1+1).

hydroxide group in accordance with 7.1-7.3. 7.2.2 Set aside the filtrate and transfer the precipitate and
6.3.2.4 Continue the determination of silicon dioxide infilter paper to the same beaker in which the first precipitation
accordance with 6.2.3.2. was effected. Dissolve the precipitate with hot HCI (1+2). Stir

. ) to thoroughly macerate the paper and then dilute the solution to

7. Ammonium Hydroxide Group (Reference Test Methgd 40yt 100 mL. Reprecipitate the hydroxides as described in

7.1 Summary of Test Methedin this test method alumi- 7.2.1. If difficulty from bumping is experienced while boiling
num, iron, titanium, and phosphorus are precipitated from thé¢he acid solution containing the filter paper, it may be obviated
filtrate, after SiQ removal, by means of ammonium hydroxide. by diluting the hot 1+2 solution of the mixed oxides with 100
With care, little if any manganese will be precipitated. ThemL of boiling water and thus eliminate the need for boiling.
precipitate is ignited and weighed as the oxides. Filter the solution and wash the precipitate with about four

7.2 Procedure 10-mL portions of hot NEINO; solution (20 g/L) (Note 21).

7.2.1 To the filtrate reserved in accordance with 6.2.3.1Combine the filtrate and washings with the filtrate set aside and
(Note 17) which should have a volume of about 200 mL, addeserve for the determination of CaO in accordance with
HCI if necessary to ensure a total of 10 to 15 mL of the acid13.3.1.
Add a few drops of methyl red indicator and heat to boiling. 7.2.3 Place the precipitate in a weighed platinum crucible,
Then treat with NHOH (1+1) (Note 18), dropwise until the heat slowly until the papers are charred, and finally ignite to
color of the solution becomes distinctly yellow, and add oneconstant weight at 1050 to 1100°C taking care to prevent
drop in excess (Note 19). Heat the solution containing theeduction, and weigh as the ammonium hydroxide group.
precipitate to boiling and boil for 50 to 60 s. In the event 7.2 4 Blank—Make a blank determination, following the
difficulty from bumping is experienced while boiling the same procedure and using the same amounts of reagents, and
ammoniacal solution, a digestion period of 10 min on a steangorrect the results obtained in the analysis accordingly.
bath, or on a hot plate having the approximate temperature of 7 3 cajculation— Calculate the percentage of ammonium
a steam bath, may be substituted for the 50 to 60-s boilingyqroxide group to the nearest 0.01 by multiplying the weight

period. Allow the precipitate to settle (not more than 5 min);, grams of ammonium hydroxide group by 200 (100 divided
and filter using medium-textured paper (Note 20). Wash, witI”by the weight of sample used (0.5 g)).

hot ammonium nitrate (NFNO;, 20 g/L) (Note 21), twice for
a small precipitate to about four times for a large one. 8. Ferric Oxide (Reference Test Methdd

Nore 17—If a platinum evaporating dish has been used for the 8 1 Summary of Test Methedin this test method, the

dehydration of SiQ, iron may have been partially reduced. At this stage, Fe,O, content of the cement is determined on a separate

add about 3 mL of saturated bromine water to the filtrate and boil the fi fth tb ducing the i to the f tat
filtrate to eliminate the excess bromine before adding the methyl red?0Ortion O the cement by reducing the iron {o the terrous state

indicator. If difficulty from bumping is experienced during the boiling, the With stannous Ch'Pr'de _(Sngl and titrating W'.th a Standafd
following alternate techniques may be helpfl) & piece of filter paper, ~ Solution of potassium dichromate {&r,0). This determina-
approximately 1 crhin area, positioned where the bottom and side of thetion is not affected by any titanium or vanadium that may be
beaker merge and held down by the end of a stirring rod may solve thgresent in the cement.
difficulty, and (2) use of 400-mL beakers supported inside a cast aluminum 8.2 Reagents
cup has also been found effective. ) . . . .

Note 18—The NH,OH used to precipitate the hydroxides must be free 8-2_'1 Ba'f'um Dlphenylamlne . Su”O”af[e Indlcato_r
of contamination with carbon dioxide (G Solution—Dissolve 0.3 g of barium diphenylamine sulfonate in

Note 19—It usually takes 1 drop of N}©H (1+1) to change the color 100 mL of water.
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8.2.2 Potassium Dichromate, Standard Solutiofl blending was done so that any sample adhering to this equipment will be
mL =0.004 g FgO,)—Pulverize and dry primary standard lcosened and transferred to the crucible.
potassium dichromate ¢Cr,0,) reagent, the current lot of  NoTe 25—When fusion is incomplete, the sample may not be com-
NBS 136, at 180 to 200°C to constant weight. Weigh accu_pletely melted or there may be pa_rtlcles on top of the bead. Usually, if the

’ ) . bead forms a small smooth spherical ball when taken from the furnace and

rately an amount of dr|eq reagent equal to 2.45700 g Flmes theetore it is swirled, the sample is completely fused.
number of litres of solution to be prepared. Dissolve in water Nore 26—There are usually some carbon particles that are in suspen-
and dilute to exactly the required volume in a single volumetricsion, undissolved in the solution, but they will not interfere with the

flask of the proper size. This solution is a primary standard andompletion of the analysis.

requires no further standardization. 8.3.3 Heat the solution to boiling and treat it with the SpCl
Note 22—Where large quantities of standard solution are required, itSOIUt!On' _added drc_JpW|se while St'mn_g and boiling, until the

may be desirable for certain laboratories to use commercially-producegolution is decolorized. Add 1 drop in excess and cool the

primary standard potassium dichromate for most determinations. Such golution to room temperature by placing the beaker in a pan of

material may be used provided that the first solution made from thecool water. After cooling and without delay, rinse the inside of

container is checked, as follows: Using a standard solution of NBS 136ihe yessel with water, and add all at once 10 mL of a cool,

prepared as described in 8.2.2, analyze, in duplicate, samples of a N ; ; ; : ;
SRM cement (see Note 1), by the procedure given in 8.3.1.3 and 8.3.1.3° turated mercuric chloride (Hgglsolution. Stir the solution

Repeat using a similar solution prepared from the commercial primar)y'gorouSIy for 1 min by swirling the beaker and add 10 mL of

standard dichromate. The average percentages s Feund by each H3PO, (1+1) and 2 drops of barium diphenylamine sulfonate
method should not differ by more than 0.06 %. indicator. Add sufficient water so that the volume after titration

will be between 75 and 100 mL. Titrate with the standard
K,Cr,0O; solution. The end point shall be taken as the point at

Add scraps of iron-free granulated tin and boil until theWhiCh a single drop causes an "“e_r?se purple coloration that
solution is clear. Keep the solution in a closed dropping bottl¢.=)rer|mt3fInS unchanged on further addition of standag@rkD,
containing metallic tin. solution.

8.3 Procedure—For cements other than portland and for 8.3.4 Blank—Make a blank determination following the

which the insoluble residue is unknown, determine the in>21¢ procedure and using the same amounts of reagents.

soluble residue in accordance with the appropriate sections ??gﬂd dthi.x?lgngcﬁzg?soéu;:%n quI(r)?T(]:Iet(_) gSt?:“SP be
these test methods. When insoluble residue is known, proce Ia POl S descrl In ©.3.9. AS S ron mus

: . : . resent to obtain the normal end point, if no definite purple
'Cnerz(;%?rg;r;(éea\r’]vglzzig'l or 8.3.2 as is appropriate for th(:ig:)olor is obtained after the addition of 4 drops of the standard

8.3.1 For portland cements and cements having insolublézé:zlz%7 |S°"|m9n’ record the blank as zero.
residue lower than 1 %, weigl g of thesample into a 500-mL 8.4 1 %(gfcitl'gg the percentage of o the nearest
Phillips beaker or other suitable container. Add 40 mL of cold ) " =% bt o (2)91@ followrs.
water and, while the beaker is being swirled, add 10 mL ofo‘o1 % (to be reported to the nearest 0.1) as follows:

8.2.3 Stannous Chloride SolutierDissole 5 g ofstannous
chloride (SnC} - 2H,0) in 10 mL of HCI and dilute to 100 mL.

HCI. If necessary, heat the solution and grind the cement with Fe0; % = E(V — B) X 100W 2
the flattened end of a glass rod until it is evident that the Cemen%vhere'

is completely decomposed. Continue the analysis in accorg _

dance with 8.3.3. o _ \Y millilitres of K,Cr,0O, solution required by the sample
8.3.2 For cements with insoluble residue greater than 1 %, determination

weigh a 0.500 g sample, blend Wi g LIBO, using amortar g = mjllilitres of K,Cr,O, solution required by the blank
and pestle, and transfer to a previously fired 8-mL carbon determination, and

crucible that has 0.1 g LiBOsprinkled in the bottom (Note mass of sample within 0.1 mg.

23). Cover with 0.1 g LiBQthat was used to chemically wash

the mortar and pestle (Note 24). Place the uncovered crucib® Phosphorus Pentoxide Reference Test Methgd

in a furnace set at 1100°C for 15 min. Remove the crucible 9.1 Summary of Test MethedThis colorimetric test

from the furnace and CheCk for Complete fusion (NOte 25) Ifmethod is app"cab|e to the determination 9@ in port'and

the fusion is incomplete, return the crucible to the furnace folcement. Under the conditions of the test, no constituent

is still incomplete, discard the sample and repeat the fusion 9.2 Apparatus
procedure using 0.250 g sample or a smaller quantity with the 9.2 1 SpectrophotometgiNote 27):
same amount of LIBQ When the fusion is complete, gently  9.2.1.1 The instrument shall be equipped to measure absor-

swirl the melt and pour into a 150-mL glass beaker containinghance of solutions at a spectral wavelength of 725 nm.
10 mL concentrated HCI| and 50 mL water. Stir COﬂtiI’lUOUS|y 92.1.2 Wavelength measurements shall be repeatab|e

until the fusion product is dissolved, usually 10 min or lessyithin =1 nm or less.
(Note 26). If a stirring bar is used, remove and rinse the bar. 9.2.1.3 In the absorbance range from 0.1 to 1.0, the absor-

Fe,O5 equivalent of the KCr,O, solution, g/mL,

Continue the analysis in accordance with 8.3.3. bance measurements shall be repeatable wittir% or less.
Note 23—The firing loosens the carbon on the surface, reducing the 9.2.1.4 To establish that the spectrophotometer will permit a
possibility of the fusion product sticking to the crucible. satisfactory degree of accuracy, qualify the instrument in

Note 24—A chemical wash is a dry rinse of the equipment in which theaccordance with 3.3.2 using the procedure in 9.4.1-9.4.9.

10
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Note 27—fFor the measurement of the performance of the spectropho- 9.4.4 Plot the net absorbance (absorbance of standard minus
tometer, refer to Practice E 275. that of the blank) values obtained as ordinates and the
9.3 Reagents corresponding JOg concentrations as abscissas. Draw a

9.3.1 Ammonium Molybdate Solutiealnto a 1-L volumet-  Smooth curve through the points.
ric flask introduce 500.0 mL of 108 H,SO, (9.3.7). Dissolve Note 29—A suitable paper for plotting the calibration curve is a 10 by
25.0 g of ammonium molybdate ((NBMO-,0,, - 4H,0) in 15-in. (254 by 381-mm) linear cross section paper having 20 by 20
about 250 mL of warm water and transfer to the flaskdivisions to the inch. The percentage of02 can then be plotted on the
containing the BSQ,, while swirling the flask. Cool, dilute to long dimension using five divisions equal to 0.01 %08 A scale of one
1 L with water, and store in a plastic bottle. division equal to 0.005 absorbance units is suitable as the ordinate (short

. . - - - dimension of the paper). Scales other than this may be used but under no
. 9.3.2 Ascorblc. Acid Powde+For ease in dissolving, the circumstances should a scale division less thtarin. (1.3 mm) be used
finest mesh available should be used.

- ) ) for 0.005 units of absorbance or for 0.005 %0R. A separate calibration
9.3.3 Hydrochloric Acid, Standard6.5= 0.1 N)—Dilute  curve should be made for each spectrophotometer used, and the calibra-
540 mL of concentrated HCI (sp gr 1.19) to 1 L with water. tion curve checked against standard phosphate solution whenever a new

Standardize against standard NaOH solution (9.3.6) usingatch of ammonium molybdate reagent is used.
phenolphthalein as indicator. Determine the exact normality g9 4.5 Transfer 0.250 g of the sample to a 250-mL beaker and
and adjust to 6.5- 0.1N by dilution with water. Restandardize moisten with 10 mL of cold water to prevent lumping. Add

to ensure that the proper normality has been achieved. 25.0 mL of the standard HCI and digest with the aid of gentle
9.3.4 Phosphate, Standard Solution-/Dissolve 0.1917 g  heat and agitation until solution is complete. Filter into a

of oven-dried potassium dihydrogen phosphate {R&,) in  250-mL volumetric flask and wash the paper and the separated

water and dilute to 1 L in a volumetric flask. silica thoroughly with hot water. Allow the solution to cool and
9.3.5 Phosphate, Standard Solution-Bilute 50.0 mL of  then dilute with water to 250 mL.

phosphate solution A to 500 mL with water. 9.4.6 Transfer a 50.0-mL aliquot (Note 30) of the sample
9.3.6 Sodium Hydroxide, Standard Solutiofi N)—  spjution to a 250-mL beaker, add 5.0 mL of ammonium

Dissolve 40.0 g of sodium hydroxide (NaOH) in water, add 10molybdate solution and 0.1 g of ascorbic acid powder. Mix the
mL of a freshly filtered saturated solution of barium hydroxidecontents of the beaker by swirling until the ascorbic acid has
(Ba(OH),), and dilute to 1 L with water that has been recently gissolved completely. Heat the solution to vigorous boiling and
boiled and cooled. Shake the solution from time to time duringhen boil, uncovered, for 1.5 0.5 min. Cool to room tem-

a several-hour period, and filter into a plastic bottle. Keep thgyerature and transfer to a 50-mL volumetric flask. Rinse the

bottle tightly closed to protect the solution from G the air.  peaker with one small portion of water and add the rinse water
Standardize against acid potassium phthalate or benzoic add the flask. Dilute to 50 mL with water.

acidimetric standards furnished by the National Bureau of _
Standards (standard samples 84f and 350), using the teslNOTE 30—The range of the test can be extended by taking a smaller

: e . Iquot of the sample solution. In such instances the decrease in the aliquot
methods in the certificates accompanying the standard Sampl(%ﬁlume must be made up by the blank solution (9.4.5) to maintain the

Determine the exact normality of the solution. proper acidity of the final solution. Thus, if a 25-mL aliquot of the sample
9.3.7 Sulfuric Acid, Standard10.6*= 0.1 N)—To a 1-L  solution is taken (instead of the usual 50 mL), a 25-mL aliquot of the blank
volumetric flask cooled in water add about 600 mL of watersolution should be added before proceeding with the test. The result of the

and then, slowly, wititaution,300 mL of concentrated 60O,  test must then be calculated accordingly.

(Sp gr 1.84). After cooling to room temperature, dilute to 1 L 947 Measure the absorbance of the solution against water

with water. Standardize against the standard NaOH solutiogg the reference at 725.0 nm.

(9.3.6) using phenolphthalein as indicator. Determine the g 4.8 Develop on a 50.0-mL aliquot of the blank solution

normality and adjust to 10.6 0.1 N by dilution with water.  prepared in 9.4.2 in the same manner as was used in 9.4.6 for

Restandardize to ensure that the proper normality has begRe sample solution. Measure the absorbance in accordance

achieved. with 9.4.7 and subtract this absorbance value from that
9.4 Procedure _ _ obtained for the sample solution in 9.4.6 in order to obtain the
9.4.1 Prepare a series of phosphate solutions to cover thgst absorbance for the sample solution.

range from 0 to 0.5 % J0s. Prepare each solution by adding 9.4.9 Using the net absorbance value found in 9.4.8, record

a suitable volume of standard phosphate solution B and 25je percentage of P in the cement sample as indicated by

(Note 28). Dilute to the mark with water. nearest 0.01.

Note 28—One millilitre of standard phosphate solution B/250 mL of
solution is equivalent to 0.004 %.,8; for a 0.25-g cement sample. 10. Titanium Dioxide (Reference Test Methgd
Aliguots of 0, 12.5, 25, 50, 74, 100, and 125 mL are equivalent,@-P : : :
cogtents in the sample of 0, 0.05, 0.10, 0.20, 0.30, 0.4q0, and 0.2?05%. .1Q'1 Su.mma.‘ry of Test Metheeln _thIS test mEthOd tlta.mum.
dioxide (TiQ,) in portland cement is determined colorimetri-
9.4.2 Prepare a blank by adding 25.0 mL of the standardally using Tiron reagent. Under the conditions of the test iron
HCI to a 250-mL volumetric flask and diluting to 250 mL with is the only constituent of portland cement causing a very slight

water. interference equivalent to 0.01 % for each 1% of,Gg
9.4.3 Develop colors in the series of phosphate solutiongresent in the sample.
and in the blank, in accordance with 9.4.6-9.4.8. 10.2 Apparatus
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10.2.1 SpectrophotometgiNote 31): Note 33—A suitable paper for plotting the calibration curve is a linear
10.2.1.1 The instrument shall be equipped to measure al§oss section paper having ¥010 divisions to 1 cm. A scale division
sorbance of solutions at a spectral wavelength of 410 nm. €duivalent to 0.002 absorbance and 0.002 %,T#0ould be used. A
eparate calibration curve should be made for each spectrophotometer
10.2.1.2 Wavelength measurements shall be repeatabfged_

within =1 nm or less. 1044 T ‘ 25 0-mL all f th | luti
10.2.1.3 In the absorbance range from 0.1 to 1.0, the ~ ™ ransfer a 25.0-mL aliquot of the sample solution

bsorb ts shall b table withith prepar_ed in 9.4.5 into a50-mL_vqumetrichask (Note 34). Add
?essst_)r ance meastrements shafl be repeatable o or 5 mL tiron and 5 mL EDTA, mix, and then add NABH (1+1)

10.2.1.4 To establish that the spectrophotometer will permigrr]OpW'Se’thm'xmﬁ thﬁrou?hly afterb?ach dro%, untdll t_Pﬁ COI.Ort
a satisfactory degree of accuracy, qualify the instrument i anges through yetiow 1o green, blue, or ruby red. Then, jus

; : . ) store the yellow color with HCI (1+6) added dropwise and
&ﬁgireds?nrﬁztm 3.3.2 using the procedure in 10.4.1-10.4.6 cglniixing after each drop. Add 5 mL buffer, dilute to volume and

mix.
Note 31—For the measurement of the performance of the spectropho- 10.4.5 Measure the absorbance of the solution against water
tometer, refer to Practice E 275. as the reference at 410 nm.
10.3 Reagents Note 34—The range of the test can be extended by taking a smaller

10.3.1 Buffer (pH 4.7)—68 g of NaGH;O, - 3H,0, plus  aliquot. The results of the test must then be calculated accordingly.
380 mL of water, plus 100 mL of 5.8 CH;COOH. 10.4.6 Using the absorbance value determined in 10.4.5,
10.3.2 Ethylenedinitrilo Tetraacetic Acid Disodium Salt, record the percentage of TjOin the cement sample as

Dihydrate (0.2 M EDTA)—Dissolve 37.5 g of EDTA in 350 jngjcated by the calibration curve to the nearest 0.01. Correct
mL of warm water, and filter. Add 0.25 g of FeCI6H,O and  for the iron present in the sample to obtain the true ;Ti®

dilute to 500 mL. follows: True TiO, = measured % TiQ- (0.01X % Fe,0y).
10.3.3 Hydrochloric Acid(1+6). _ Report the percent of Ti{to the nearest 0.01.
10.3.4 Hydrochloric Acid, Standard6.5 N)—Dilute 540

mL of concentrated HCI (Sp gr 119) to 1 L with water. 11. Zinc Oxide (Reference Test Methoao

10.3.5 Ammonium HydroxidéNH,OH, 1+1).

10.3.6 Potassium Pyrosulfaték,S,0).

10.3.7 Titanium Dioxide, Stock Solution-AFuse slowly in
a platinum crucible over a very small flame 0.0314 g of NBS{5 aAjuminum Oxide (Reference Test Methdd
SRM 154b (TiQ = 99.74 %) or its replacements with about 2
or 3 g of K,S,0,. Allow to cool, and place the crucible in a Note 35—In the reference test method,,@); is calculated from the

beaker containing 125 mL of J$0, (1+1). Heat and stir until ammonium hydroxide group by subtracting the separately determined
th It i letelv di I d4 Cool. t fer t 250 constituents that usually are present in significant amounts in the ammo-
€ meit Is completely dissolved. Lool, transier 10 a 'anium hydroxide precipitate. These are,Bg, TiO, and BOs. Most

volumetric fI.ask., and Qilgte the'50|Uti0n to volume. _ instrumental test methods for &, analysis give AJO, alone if stan-
10.3.7.1Titanium Dioxide, Dilute Standard Solution @  dardized and calibrated properly.

mL =0.0125 mg TiQ)—Pipet 50 mL of stock TiQ solution 12.1 Calculation
into a 500-mL volumetric flask, and dilute to volume. One 17 1 1 Calculate the percentage of@l, by deducting the

millilitre of this solution is equal to 0.0125 mg of TiQwhich percentage of the sum of the J&,, TiO,, and RO, from the
is equivalent to 0.05% Ti© when used as outlined in percentage of ammonium hydroxide group. All determinations

11.1 Any test method may be used that meets the require-
ments of Section 3.3 and Table 1.

10.4.4-10.4.6. _ shall be by referee test methods described in the appropriate
10.3.8 Sulfuric Acid(1+1). sections herein. All percentages shall be calculated to the
10.3.9Tiron (disodium-1,2-dihydroxybenzene-3,5 disul- nearest 0.01 %. Report the A, to the nearest 0.1 %. For
fonate). nonreferee analyses, the percentages gfseTiO,, and BOg
10.4 Procedure can be determined by any procedure for which qualification has

10.4.1 Prepare a series of Ti®olutions to cover the range been shown.
from 0 to 1.0% TiQ. Prepare each solution in a 50-mL
volumetric flask. 13. Calcium Oxide Reference Test Methgd

Note 32—One millilitre of dilute TiQ, standard solution B per 50 mL 13.1 Summary of Test Method
(10.3.7.1) is equivalent to 0.05 % Tjdor a 0.2500-g cement sample. 13.1.1 In this test method, manganese is removed from the
Aliquots of 0, 5, 10, 15, and 20 mL of dilute Tistandard solution are  filtrate after the determination of SjCand the ammonium
equivalent to TiQ contents in the sample of 0, 0.25, 0.50, 0.75, and 1.0 %-hydroxide group. Calcium is then precipitated as the oxalate.
Dilute each to 25 mL with water. After filtering, the oxalate is redissolved and titrated with
10.4.2 Develop color in accordance with 10.4.4 startingpotassium permanganate (KMgO
with second sentence. Measure absorbance in accordance with
10.4.5.
10.4.3 Plot absorbance values obtained as ordinates and th

. . . . eloThe 1988 revision of these test methods deleted the colorimetric method for
correspondlng T'Q concentrations as abscissas. Draw 8determination of ZnO using an extraction with GCThose interested in this test

smooth curve through the points. method should refer to th#987 Annual Book of ASTM Standard#ejume 04.01.
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Note 36—For referee analysis or for the most accurate determinationsat all times. Allow the precipitate to settle, filter using
removal of manganese in accordance with 13.3.2 must be made. For leggedium-textured paper, and wash with hot water. If a precipi-
accurate determlnat_lons, and when only insignificant amounts of mandaate does not appear immediately, allow a settling period of up
nese oxides are believed present, 13.3.2 may be omitted. - - . L

to 1 h before filtration. Discard any manganese dioxide that

13.1.2 Strontium, usually present in portland cement as anay have been precipitated. Acidify the filtrate with HCI using
minor constituent, is precipitated with calcium as the oxalatditmus paper as an indicator, and boil until all the bromine is
and is subsequently titrated and calculated as CaO. If the Sréxpelled (Note 38).
content is known and correction of CaO for SrO is desired as, 13.3.3 Add 5 mL of HCI, dilute to 200 mL, and add a few
for example, for research purposes or to compare results wittirops of methyl red indicator and 30 mL of warm ammonium
SRM certificate values, the CaO obtained by this method magxalate solution (50 g/L) (Note 39). Heat the solution to 70 to
be corrected for SrO. In determining conformance of a cemer80°C, and add NEDH (1+1) dropwise, while stirring until the
to specifications, the correction of CaO for SrO should not beolor changes from red to yellow (Note 40). Allow the solution

made. to stand without further heating for 665 min (no longer),
13.2 Reagents with occasional stirring during the first 30 min.
13.2.1 Ammonium Oxalate Solutiof®0 g/L). 13.3.4 Filter, using retentive paper, and wash the precipitate

13.2.2 Potassium Permanganate, Standard Solut{0ri8 8 to 10 times with hot water, the total amount of water used in
N)—Prepare a solution of potassium permanganate (KMnO rinsing the beaker and washing not to exceed 75 mL. During
containing 5.69 g/L. Let this solution stand at room temperathis washing, water from the wash bottle should be directed
ture for at least 1 week, or boil and cool to room temperaturearound the inside of the filter paper to wash the precipitate
Siphon off the clear solution without disturbing the sedimentdown, then a jet of water should be gently directed towards the
on the bottom of the bottle; then filter the siphoned solutioncenter of the paper in order to agitate and thoroughly wash the
through a bed of glass wool in a funnel or through a suitablerecipitate. Acidify the filtrate with HCI and reserve for the
sintered glass filter. Do not filter through materials containingdetermination of MgO.
organic matter. Store in a dark bottle, preferably one that has 13.3.5 Place the beaker in which the precipitation was made
been painted black on the outside. Standardize the solutiomnder the funnel, pierce the apex of the filter paper with the
against 0.7000 to 0.8000 g of primary standard sodium oxalatestirring rod, place the rod in the beaker, and wash the
according to the directions furnished with the sodium oxalaterecipitate into the beaker by using a jet of hot water. Drop
and record the temperature at which the standardization wasbout 10 drops of 550, (1+1) around the top edge of the filter

made (Note 37). paper. Wash the paper five more times with hot water. Dilute to
13.2.2.1 Calculate the CaO equivalent of the solution a200 mL, and add 10 mL of }$0, (1+1). Heat the solution to
follows: a temperature just below boiling, and titrate it immediately
1 mL of 1 N KMnO, solution is equivalent to 0.06701 g of with the 0.18 N KMnO, solution (Note 41). Continue the
pure sodium oxalate. titration slowly until the pink color persists for at least 10 s.
Normality of KmnQ, Add the filter paper that contained the original precipitate and

macerate it. If the pink color disappears continue the titration

__weight of sodium oxalat& fraction of its purity until it again persists for at least 10 s

mL of KMnO, solutionx 0.06701 ®)

1 mL of 1N KMnO, solution is equivalent to 0.02804 g of CaO. Note 38—Potassium iodide starch paper may be used to indicate the
) . complete volatilization of the excess bromine. Expose a strip of moistened

F— normality of KMnO, solution x 0.02804x 100 paper to the fumes from the boiling solution. The paper should remain

0.5 colorless. If it turns blue bromine is still present.
where F = CaO equivalent of the KMng solution in % Note 39—If the ammonium oxalate solution is not perfectly clear, it
CaO/mL based on a 0.5-g sample of cement. should be filtered before use.

Note 40—This neutralization must be made slowly, otherwise precipi-
Note 37—Because of the instability of the KMnGsolution, it is  tated calcium oxalate may have a tendency to run through the filter paper.
recommended that it be restandardized at least bimonthly. When a number of these determinations are being made simultaneously,
the following technique will assist in ensuring slow neutralization. Add
13.3 Proc‘f’d_“fe . . . . two or three drops of NHHOH to the first beaker while stirring, then 2 or
13.3.1 Acidify the combined filtrates obtained in the pre-3 grops to the second, and so on, returning to the first beaker to add 2 or
cipitations of the ammonium hydroxide group (7.2.2). Neutral-3 more drops, etc., until the indicator color has changed in each beaker.
ize with HCI to the methyl red end point, make just acid, and Note 41—The temperature of the 0.3 KMnO, solution at time of
add 6 drops of HCI in excess. use should not vary from its standardization temperature by more than

13.3.2 Removal of ManganeseEvaporate to a volume of 10°F (5.5°C). Larger deviations could cause serious error in the determi-
about 100 mL. Add 40 mL of saturated bromine water to the"21°" o €30 o _
hot solution and immediately add NBH until the solution is 13.3.6 Blank—Make a blank determination, following the
distinctly alkaline. Addition of 10 mL of NHOH is generally ~same procedure and using the same amounts of reagents (Note
sufficient. A piece of filter paper, about 1 &im area, placed in  42), and record the millilitres of KMnQ solution required to

the heel of the beaker and held down by the end of a stirringstablish the end point.

rod aids in preventing bpmplng and 'n't.'at'ng preg:lpltatlon O.f Note 42—When the amount of calcium oxalate is very small, its
hydrated manganese oxides (MnO). Boil the solution for 5 miryxidation by KMnO, is slow to start. Before the titration, add a little

or more, making certain that the solution is distinctly alkalineMnSQ, to the solution to catalyze the reaction.
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13.4 Calculation carbon in the precipitate if ignition is too rapid.
folllc?v.vt:l Calculate the percentage of CaO to the nearest 0.1 i\g Sulfur (See Note 44)
_ 15.1 Sulfur Trioxide: (Reference Test Method)

Ca0, %=EV —B) @) 15.1.1 Summary of Test Methedin this test method, sul-
where: fate is precipitated from an acid solution of the cement with
E = CaO equivalent of the KMn@solution in % CaO/mL  barium chloride (BaG). The precipitate is ignited and

based on a 0.5-g sample, weighed as barium sulfate (Ba®@nd the SQ equivalent is
V = millilitres of KMnO, solution required by the sample, calculated.
and 15.1.2 Procedure
B = millititres of KMnO, solution required by the blank. 15.1.2.1 B 1 g of thesample add 25 mL of cold water and,
13.4.2 If desired calculate the percentage of CaO correcteg@hile the mixture is stirred vigorously, add 5 mL of HCI (Note
for SrO as follows: 45). If necessary, heat the solution and grind the material with
CaQ % = CaQ % — 0.54 SrO % 5) the flattened end of a glass rod until it is evident that
decomposition of the cement is complete (Note 46). Dilute the
where: solution to 50 mL and digest for 15 min at a temperature just
CaQ, = CaO corrected for SrO, and below boiling. Filter through a medium-textured paper and
CaQ = initial CaO as determined in 13.4.1 wash the residue thoroughly with hot water. Dilute the filtrate
054 = 15063.052: molecular weight ratié%o Lo 250 mL and heat to boiling. Add slowl_y_, dropwise, 10 mL (_)f
. ot BaCl,(100 g/L) and continue the boiling until the precipi-

tate is well formed. Digest the solution for 12 to 24 h at a
] ] temperature just below boiling (Note 47). Take care to keep the
14. Magnesium Oxide Reference Test Methgd volume of solution between 225 and 260 mL and add water for
14.1 Summary of Test Methedn this test method, magne- this purpose if necessary. Filter through a retentive paper, wash
sium is precipitated as magnesium ammonium phosphate frothe precipitate thoroughly with hot water, place the paper and
the filtrate after removal of calcium. The precipitate is ignitedcontents in a weighed platinum crucible, and slowly char and
and weighed as magnesium pyrophosphate,f@ ). The  consume the paper without inflaming. Ignite at 800 to 900°C,
MgO equivalent is then calculated. cool in a desiccator, and weigh.

14.2 Reagent-Ammonium phosphate, dibasic (100 g/L) Note 44—When an instrumental test method is used for sulfur or when

(NH,),HPO,. comparing results of classical wet and instrumental test methods, consult

14.3 Procedure 4.1.2 of these test methods.

14.3.1 Acidify the filtrate from the determination of CaO Note 45—The acid filtrate obtained in the determination of the
(13,3_4) with HCI| and evaporate by boiling to about 250 mL.insoluble residue (5.3.1) may be used for the determination gfissPead
Cool the solution to room temperature, add 10 mL of ammo-2f using a separate sample.
nium phosphate, dibasic, (NWHPO, (100 g/L), and 30 mL of -NOTE 46—A brown residue due to compounds of manganese may be
NH,OH. Stir the solution vigorously during the addition of disregarded (see Note 11).

4= g : y g . Note 47—If a rapid determination is desired, immediately after adding
NH,OH and then for 10 to 15 min longer. Let the solution e pacy, place the beaker with the solution in an ultrasonic bath for 5
stand for at leds8 h in acool atmosphere and filter. Wash the min, and then continue the determination starting Wiiiter through a
residue five or six times with NJOH (1+20) and ignite in a retentive paper. . Qualify the method in accordance with the Perfor-
weighed platinum or porcelain crucible, at first slowly until the mance Requirements for Rapid Test Methods.

filter paper is charred and then burn off (see Note 43), and 15.1.2.2 Blank—Make a blank determination following the
finally at 1100°C for 30 to 45 min. Weigh the residue assame procedure and using the same amounts of reagents, and
magnesium pyrophosphate (M3O). correct the results obtained in the analysis accordingly.

14.3.2 Blank—Make a blank determination following the 15.1.3 Calculation— Calculate the percentage of §@ the
same procedure and using the same amounts of reagents, afhrest 0.01 as follows:

correct the results obtained in the analysis accordingly.

14.4 Calculation SO % =W 34.3 ™
14.4.1 Calculate the percentage of MgO to the nearest 0.1 aghere:
follows: W = grams of BaSQ and
MgO, % = W X 72.4 ©) 343 = gmlle(;:éjlar ratio of SQto BaSQ(0.343) multiplied
y .
where: 15.2 Sulfide: (Reference Test Method)
W = grams of MgP ,0,, and 15.2.1 Summary of Test Methedln this test method sulfide

72.4 = molecular ratio of 2MgO to MgP,0,(0.362) di-  gulfur is determined by evolution as hydrogen sulfideSH
vided by the weight of sample used (0.5 g) and from an acid solution of the cement into a solution of
multiplied by 100. ammoniacal zinc sulfate (ZnSPor cadmium chloride (CdCl

Note 43—Caution: Extreme caution should be exercised during this 2)- 1he sulfide sulfur is then titrated with a standard solution of

ignition. Reduction of the phosphate precipitate can result if carbon is ifPotassium iodate (KIQ). Sulfites, thiosulfates, and other com-
contact with it at high temperatures. There is also danger of occludingpounds intermediate between sulfides and sulfates are assumed
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to be absent. If such compounds are present, they may causethie source of compressed air, open the funnel, start a slow
error in the determination. stream of air, and heat the flask and contents slowly to boiling.

15.2.2 Apparatus Continue the boiling gently for 5 or 6 min. Cut off the heat, and

15.2.2.1 Gas-Generating Flask-Connect a dry 500-mL continue the passage of air for 3 or 4 min. Disconnect the
boiling flask with a long-stem separatory funnel and a smalldelivery tube and leave it in the solution for use as a stirrer.
connecting bulb by means of a rubber stopper. Bend the stef@ool the solution to 20 to 30°C (Note 51), add 2 mL of the
of the funnel so that it will not interfere with the connecting starch solution and 40 mL of HCI (1+1) and titrate immediately
bulb, adjust the stem so that the lower end is close to thaith the 0.03N KIO, solution until a persistent blue color is
bottom of the flask, and connect the opening of the funnel withobtained (Note 52).
a source of compressgd air. Connect the bulb with an .L-ShapedNOTE 49—In general, the ZnSQis preferable to the Cdglsolution
glass tube and a straight glass tube about 200 mm in lengtQecause ZnSpis more soluble in NHOH than is CdCJ. The CdCh
Insert the straight glass tube in a tall-form, 400-mL beaker. Asolution may be used when there is doubt as to the presence of a trace of
three-neck distilling flask with a long glass tubing in the middlesulfide sulfur, as the yellow cadmium sulfide (CdS) facilitates the
opening, placed between the source of compressed air and thetection of a trace.
funnel, is a convenient aid in the regulation of the airflow. Note S0—If the content of sulfur exceeds 0.20 or 0.25 %, a smaller
Rubber used in the apparatus shall be pure gum grade, low ﬁ?mple should be used so that the titration with the 48@lution will not

. exceed 25 mL.

sulfur, and shall be cleaned with warm HCI. Note 51—The cooling is important as the end point is indistinct in a

15.2.3 Reagents warm solution.

15.2.3.1 Ammoniacal Cadmium Chloride Solutien Note 52—If the content of sulfur is appreciable but not approximately
Dissolve 15 g of cadmium chloride (CdGI2H,0) in 150 mL  known in advance, the result may be low due to the loss & #uring a
of water and 350 mL of NKDOH. Filter the solution after Slowtitration. In such a case the determination should be repeated with the
allowing it to stand at least 24 h. titration carried out more rapidly.

15.2.3.2 Ammoniacal Zinc Sulfate SolutierDissolve 50 g 15.2.4.2 Make a blank determination, following the same
of zinc sulfate (ZnSQ- 7H ,0) in 150 mL of water and 350 procedure and using the same amounts of reagents. Record the
mL of NH,OH. Filter the solution after allowing it to stand at volume of KIO ; solution necessary to establish the end point

least 24 h. as described in 15.2.4.1.

15.2.3.3Potassium lodate, Standard Soluti¢f.03 N)— 15.2.5 Calculation— Calculate the percentage of sulfide
Prepare a solution of potassium iodate (K)@nd potassium sulfur (see 15.2.1) as follows:
iodide (KI) as follows: Dry KIG; at 180°C to constant weight. Sulfide, %= E(V — B) X 20 ®)

Weigh 1.0701 g of the KI@Qand 12 g of KI. Dissolve and dilute
to 1 L in a volumetric flask. This is a primary standard and where:
requires no standardization (Note 48). One millilitre of this E
solution is equivalent to 0.0004809 g of sulfur. v

sulfide equivalent of the KiQsolution, g/mL,
millilitres of KIO 5 solution required by the sample,
millilitres of KIO 5 solution required by the blank, and
100 divided by the weight of sample used (5 g).

B
Note 48—The solution is very stable, but may not maintain its titer 20
indefinitely. Whenever such a solution is over 1 year old it should be

discarded or its concentration checked by standardization. 16. Loss on Ignition Reference Test Methodis

15.2.3.4 Stannous Chloride SolutierTo 10 g of stannous 16.1 Portland Cement
chloride (SnC} - 2H ,0) in a small flask, add 7 mL of HCI 16.1.1 Summary of Test Methedin this test method, the
(1+1), warm the mixture gently until the salt is dissolved, coolcement is ignited in a muffle furnace at a controlled tempera-
the solution, and add 95 mL of water. This solution should beure. The loss is assumed to represent the total moisture and
prepared as needed, as the salt tends to hydrolyze. CO, in the cement. This procedure is not suitable for the
15.2.3.5 Starch Solution— To 100 mL of boiling water, add  determination of the loss on ignition of portland blast-furnace
a cool suspensiorfd g of soluble starch in 5 mL of water and slag cement and of slag cement. A test method suitable for such
cool. Add a cool solutionfol g of sodium hydroxide (NaOH) cements is described in 16.2.1 through 16.2.3.
in 10 mL of water, tha 3 g of potassium iodide (KI), and mix 16.1.2 Procedure—Weigh 1 g of thesample in a tared
thoroughly. platinum crucible. Cover and ignite the crucible and its
15.2.4 Procedure contents to constant weight in a muffle furnace at a temperature
15.2.4.1 Place 15 mL of the ammoniacal ZnS® CdCL,  of 950+ 50°C. Allow a minimum of 15 min for the initial
solution (Note 49) and 285 mL of water in a beakert Pg of  heating period and at least 5 min for all subsequent periods.
the sample (Note 50) and 10 mL of water in the flask and shake 16.1.3 Calculation— Calculate the percentage of loss on
the flask gently to wet and disperse the cement completelygnition to the nearest 0.1 by multiplying the loss of weight in
This step and the addition of SnCshould be performed grams by 100.
rapidly to prevent the setting of the cement. Connect the flask 16.2 Portland Blast-Furnace Slag Cement and Slag Ce-
with the funnel and bulb. Add 25 mL of the SnCdolution  ment
through the funnel and shake the flask. Add 100 mL of HCI 16.2.1 Summary of Test MethedSince it is desired that the
(1+3) through the funnel and shake the flask. During theseeported loss on ignition represent moisture and,Gfis test
shakings keep the funnel closed and the delivery tube in thenethod provides a correction for the gain in weight due to
ammoniacal ZnS@Qor CdCl, solution. Connect the funnel with oxidation of sulfides usually present in portland blast-furnace
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slag cement and slag cement by determining the increase in17.1.2.2 The instrument shall consist at least of an atomizer

SO, content during ignition. An optional test method providing and burner; suitable pressure-regulating devices and gages for

for a correction based on the decrease in sulfide sulfur durinfuel and oxidant gas; an optical system, capable of preventing

ignition is given in 23.1.1 through 23.1.3.1. excessive interference from wavelengths of light other than
16.2.2 Procedure that being measured; and a photosensitive indicating device.
16.2.2.1 Weit 1 g ofcement into a tared platinum crucible  17.1.3 Initial Qualification of Instrument-Qualify the in-

and ignite in a muffle furnace at a temperature of 9560°C  strument in accordance with 3.3.2 to establish that an instru-

for 15 min. Cool to room temperature in a desiccator andment provides the desired degree of precision and accuracy.

weigh. Without checking for constant weight, carefully transfer 17.1.4 Reagents and Materials

the ignited material to a 400-mL beaker. Break up any lumps in 17.1.4.1Laboratory Containers-All glassware shall be

the ignited cement with the flattened end of a glass rod. made of borosilicate glass and all polyethylene shall comply
16.2.2.2 Determine the SCcontent by the test method with the requirements of 4.2.3.

given in 15.1.1.1 through 15.1.3.1 (Note 53). Also determine 17.1.4.2 Calcium Carbonate-The calcium carbonate

the SQ content of a portion of the same cement that has no{CaCQ,) used in the preparation of the calcium chloride stock

been ignited, using the same procedure. solution (17.1.5.1) shall contain not more than 0.020 % total

Note 53—Some of the acid used for dissolving the sample may first bealkalles as sulfate.

warmed in the platinum crucible to dissolve any adhering material. Note 58—Materials sold as a primary standard or ACS “low alkali”
16.2.3 Calculation— Calculate the percentage loss of grade nqrmally meet this requireme_nt. However, the pu_rchager shquld
weight occurring during ignition and add 0.8 times the differ- assure himself that the actual material used conforms with this require-
ence between the percentages of, 8Cthe ignited sample and ent.
the original cement (Note 54). Report the corrected percentage 17.1.4.3 Potassium ChloridgKCl).
as loss on ignition. 17.1.4.4 Sodium ChloridgNacCl).
17.1.4.5 Commercially available solutions may be used in
place of those specified in 17.1.5.
17.1.5 Preparation of Solutions

Note 54—If a gain in weight is obtained during ignition, subtract the
percentage gain from the correction for $O

17. Sodium and Potassium OxidesReference Test 17.1.5.1 Calcium Chloride Stock SolutierAdd 300 mL of
Method9 water to 112.5 g of CaCgn a 1500-mL beaker. While stirring,
17.1 Total Alkalies slowly add 500 mL of HCI. Cool the solution to room

17.1.1 Summary of Test MethedThis test methott covers ~ temperature, filter into a 1-L volumetric flask, dilute to 1 L, and
the determination of sodium oxide (B(a) and potassium oxide mix thoroughly. This solution contains the equivalent of 63 000

(K,0) by flame photometry or atomic absorption. ppm (6.30 %) CaO. _ _ _
17.1.5.2 Sodium-Potassium Chloride Stock Solutien

Note 55—This test method is suitable for hydraulic cements that arepissolve 1.8858 g of sodium chloride (NaCl) and 1.583 g of
completely decomposed by hydrochloric acid and should not be used fo . ) . . S
determination of total alkalies in hydraulic cements that contain IargeFSOtaSSILIm chloride (KCI) (both dried at 105 to 110°C for

amounts of acid-insoluble material, for example, pozzolan cements. I§everal hours prior to_weighing) in Wa_ter- D"_Ute tol L in a
may be used to determine acid-soluble alkalies for such cements. A¥olumetric flask and mix thoroughly. This solution contains the

alternate test method of sample dissolution for such cements is iequivalent of 1000 ppm (0.10 %) each of Jdaand K.O.
preparation. Separate solutions of N® and of KO may be used provided
17.1.2 Apparatus that the same concentration solutions are used for calibration

17.1.2.1 Instrument—Any type flame photometer or atomic for cement analysis as were used for the calibration when
absorption unit may be used provided it can be demonstrate@talifying the instrument in accordance with 17.1.3.

that the required degree of accuracy and precision is as 17.1.5.3Standard Solutions-Prepare the standard solu-
indicated in 17.1.3. tions prescribed for the instrument and method used. Measure

) ] o the required volume of NaCl-KClI stock solutions in calibrated
Note 56—After such accuracy is established, for a specific instrument

: . ) ipets or burets. The calcium chloride stock solutions, if
further tests of instrument accuracy are not required except when it mu . . ;
be demonstrated that the instrument gives results within the prescribéaeeqed’ may be m,easumd In appropnatg graduated Cylmders' If
degree of accuracy by a single series of tests using the designated standiA@ instrument being used requires an internal standard, mea-
samples. sure the internal standard solution with a pipet or buret. Place
Note 57—For normal laboratory testing, it is recommended that theeach solution in a volumetric flask, dilute to the indicated
accuracy of the instrument be routinely checked by the use of either golume, and mix thoroughly.
National Ins_titute of Standards and Technology cement or cement of 17.1.5.4 If more dilute solutions are required by the method
known alkali content. in use, pipet the required aliquot to the proper sized volumetric
flask, add any necessary internal standard, dilute to the mark,

1 The 1963 revision of these test methods deleted the classical (J. L. Smith?nd mix thor_oughly.
gravimetric method for the determination of M&and K ,O in cements. Those 17.1.6 Calibration of Apparatus
interested in this method should refer to @61 Book of ASTM Standardart 4. . . . . o .

The 1983 revision of these test methods deleted the details of the flame NOTE 59—No attempt is made in this section to describe in detail the
photometric procedure for the determination of,8aand K,O. Those interested in ~ Steps for putting the instrument into operation since this will vary
this method should refer to tHE982 Annual Book of ASTM Standardart 13. considerably with different instruments. The manufacturer’s instructions
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should be consulted for special techniques or precautions to be employ¢d the same dilution as the solutions of standard cements
in the operation, maintenance, or cleaning of the apparatus. analyzed for the qualification of the instrument.

17.1.6.1 Turn on the instrument and allow it to warm up in 17.1.7.3Procedure for NgO (Note 62—Warm up and
accordance with the manufacturer’s instructions. (A minimumadjust the instrument for the determination of Naas de-
of 30 min is required for most instruments.) Adjust the fuel andscribed in 17.1.6.1. Immediately following the adjustment and
oxidant gas pressures as required by the instrument being usedthout changing any instrumental settings, atomize the ce-
Light and adjust the burner for optimum operation. Make anyment solution and note the scale reading (Note 61). Select the
other adjustments that may be necessary to establish the proggandard solutions which immediately bracket the cement
operating conditions for the instrument. solution in NgO content and observe their readings. Their

17.1.7 Procedure values should agree with the values previously established

17.1.7.1 Solution of the CementPrepare the solution of the during calibration of the apparatus. If not, recalibrate the
cement in accordance with the procedure specified by thapparatus for that constituent. Finally, alternate the use of the
instrument manufacturer. If no procedure is specified, or ijunknown solution and the bracketing standard solutions until
desired, proceed as specified in 17.1.7.1.1 or 17.1.7.1.2 (Notéadings of the unknown agree within one division on the
59). transmission or meter scale, or within 0.01 weight percent for
instruments with digital readout, and readings for the standards
dseimilarly agree with the calibration values. Record the average
gf the last two readings obtained for the unknown solution.

Note 60—The presence of SiOn solution affects the accuracy of
some flame photometers. In cases where an instrument fails to provi
results within the prescribed degree of accuracy outlined in 3.3.2.1-3.3.
tests should be made on solutions from which the,$i& been removed.

! X Note 61—The order in determining N@ or K,O is optional. In all
For this removal proceed as in .

cases, however, the determination should immediately follow the adjust-
17.1.7.1.1 Place 1.008 0.001 g of the cement in a 150-mL ment of the instrument for that particular constituent.

beaker and disperse with 20 mL of water using a swirling 17.1.7.4 If the reading exceeds the scale maximum, either
motion of the beaker. While still SWirling add 5.0 mL of HCI all transfer a 50-mL a“quot of the solution prepared in17.1.7.1to
at once. Dilute immediately to 50 mL with water. Break up anya 100-mL volumetric flask or, if desired, prepare a new solution
IUmpS of cement remaining UndiSperSEd with a flat-end Stirrin%y using 0.500 g of cement and 2.5 mL of HCI (instead of 5.0
rod. Digest on a steam bath or hot plate for 15 min, then filtefn) in the initial addition of acid. In the event silica has to be
through a medium-textured filter paper into a 100-mL volu-removed from the 0.5-g sample of cement, treat the dehydrated
metric flask. Wash beaker and paper thoroughly with hot-watefnaterial with 1.25 mL of HCI and about 20 mL of water, then
cool contents of the flask to room temperature, dilute to 10Qjigest, filter, and wash. In either case, add 5.0 mL of calcium
mL, and mix the solution thoroughly. Continue as given inchloride stock solution (17.1.5.1) before diluting to mark with
17.1.7.2. water. Dilute to the mark. Proceed as in 17.1.5.4 if more dilute
17.1.7.1.2 Place 1.008 0.001 g of cement into a platinum solutions are required by the test method in use. Determine the
evaporating dish and disperse with 10 mL of water using alkali content of this solution as described in (17.1.7.3) and
swirling motion. While still swirling, add 5.0 mL of HCI all at multiply by a factor of 2 the percentage of alkali oxide.

once. Break up any lumps with a flat-end stirring rod and 17 1 7 5procedure for K ,O—Repeat the procedure de-
evaporate to dryness on a steam bath. Make certain that th@yipeq in 17.1.7.3 except that the instrument shall be adjusted
gelatinous appearance is no longer evident. Treat the residyg; the determination of KO. For instruments that read both

with 2.5 mL of HCI and apout 20'mL'of watgr. Digest on a Na,O and KO simultaneously, determine,® at the same
steam bath for 5 to 10 min and filter immediately through ajjme as determining N.

9-cm medium-textured filter paper into a 100-mL volumetric
flask. Wash thoroughly with repeated small amounts of ho(LJl
water until the total vglume of solution is 80 to 95 mL. Cool to oxide to the nearest 0.01 %.
room temperature, dilute to the mark, and mix thoroughly. .
When it has been demonstrated that the removal of &0  17-2 Water-Soluble Alkalies
necessary to obtain the required accuracy described in 3.3.2.1ore 62—The determination of water-soluble alkali should not be
3.3.3 for a specific flame photometer, Si@ust always be considered as a substitute for the determination of total alkali according to
removed when making analyses that are used as the basis fof.1.2.1 to 17.1.8. Moreover, it is not to be assumed that in this method
rejection of a cement for failure to comply with specifications all water-soluble alka_lli in t‘he cement will be dissol\_/ed. Stric; _adh(_are_nce to
or here specifcation complance may be in guestion. Wherde e s beels el e v spesied on e
there is no question as tq specification _compllance, analyse(c: mpared on the basis of water-soluble alkali.
may be made by such instruments without Si@moval
provided the deviations from certificate values obtained by the 17.2.1 Procedure
tests prescribed in 3.3.2.1-3.3.3 are not more than twice the 17.2.1.1 Weigh 25.0 g of sample into a 500-mL Erlenmeyer
indicated limits. flask and add 250 mL of water. Stopper the flask with a rubber
17.1.7.2 If the test method in use requires more dilutestopper and shake continuously for 10 min at room tempera-
solutions, an internal standard, or both, carry out the samture. Filter through a Blchner funnel which contains a well-
dilutions as in 17.1.5.4 as needed. The standard and the samsleated retentive, dry filter paper, into a 500-mL filtering flask,
solutions to be analyzed must be prepared in the same way anding a weak vacuum. Do not wash.

17.1.8 Calculation and Report-From the recorded aver-
ges for NgO and KO in the unknown sample, report each
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17.2.1.2 Transfer a 50-mL aliquot (Note 63) of the filtrate toby the National Bureau of Standards (Standard Sample No. 40
a 100-mL volumetric flask and acidify with 0.5 mL of or its replacement) according to the directions furnished with
concentrated HCI (sp gr 1.19). Add 9.0 mL of stock CaCl the sodium oxalate. Put 30.0 mL of the KMp®olution in a
solution (63 000 ppm CaO), described in 17.1.5.1, to the50-mL Erlenmeyer flask. Add 60 mL of HN@1+4) and 10
100-mL flask, and dilute the solution to 100 mL. If the testmL of sodium nitrite (NaNQ, 50 g/L) to the flask. Boil the
method in use requires more dilute solutions, an internasolution until the HNQ is completely expelled. Cool the
standard, or both, carry out the same dilutions as in 17.1.5.4, aslution, add NaBi@, and finish by titrating with the standard
needed. Determine the ba and KO contents of this solution sodium arsenite (NaAs{) solution as described in 18.3.2.
as described in 17.1.7.3 and 17.1.7.5. Record the parts p@alculate the manganic oxide (M®D;) equivalent of the
million of each alkali in the solution in the 100-mL flask. NaAsGO, solution, g/mL, as follows:

Note 63—The aliquot of the filtrate taken for the analysis should be E = (A X 7.08/BC (10)
based on the expected water-soluble alkali content. If the expected level of )
either K,0 or NaO is more than 0.08 weight % of cement, or if the water Where:

soluble alkali level is unknown, a 50-mL aliquot as given in 17.2.1.2 E Mn,0; equivalent of the NaAs©Osolution, g/mL,

should be used to make up the initial test solution. If either thgONar A = grams of NaC ,0, used,

K,O exceeds 0.16 %, place a 50-mL aliquot of the solution from 17.2.12.2B = millilitres of KMnO, solution required by the
in a 100-mL volumetric flask, add 5 mL of Cagitock solution, and dilute NaC,0 4,

to 100 mL. When the level of eitherJO or Na,O is less than 0.08 %, take C = miflilitres of NaAsO, solution required by 30.0 mL

a 100-mL aliquot from the original filtrate (obtained by 17.2.1.1), add 1 of KMnO,, solution, and

mL of HCI, and evaporate on a hot plate in a 250-mL beaker to about 707 08 = molecular ratio of MO, to 5 NaC,0,(0.236)

mL. Add 8 mL of stock CaCl solution and transfer the sample to a - S .
100-mL volumetric flask, rinsing the beaker with a small portion of multiplied by 30.0 (millilitres of KMnQ solution).

distilled water. Cool the solution to room temperature and dilute to 100 18.2.2 Sodium Metabismuthai@aBiOy).
mL. 18.2.3 Sodium Nitrite Solutiorf50 g NaNQ/L).
17.2.2 Calculations—Calculate the percentage of the water- 18.3 Procedure
soluble alkali, expressed as N®, to the nearest 0.01 as  18.3.1 Weigh 1.0 to 3.0 g of the sample (Note 64) into a

follows: 250-mL beaker and treat it with 5 to 10 mL of water and then
Total water-soluble alkali, as N = A + E (9)  with 60 to 75 mL of HNQ (1+4). Boil the mixture until the
A= BI(V X 10) solution is as complete as possible. Add 10 mL of NgNO

solution (50 g/L) to the solution and boil it until the nitrous acid
is completely expelled (Note 65), taking care not to allow the
E=Cx0.658 volume of the solution to become so small as to cause the
precipitation of gelatinous SiOThere may be some separated

C = DI(V X 10)

where: . ) . ) F
A = percentage of water-soluble sodium oxide {8 S0z which may be ignored, but if there is still a red or brown
V= millilitres of original filtrate in the 100-mL flask, ~ residue, use more NaNGolution (50 g/L) to effect a complete
B = parts per million of NgO in the solution in the decomposition, and then boil again to expel the nitrous acid.

100-mL flask, Filter the solution through a medium-textured paper into a
C = percent of water-soluble potassium oxide,(H, 250-mL Erlenmeyer flask and wash the filter paper with water.
D = parts per million of KO in the 100-mL flask, Note 64—The amount of cement taken for analysis depends on the

—_ H H OTE —
E - gﬁ(rjcentage N0 equivalent to KO determined, content of manganese, varyingiindl g for about 1 % of MgO; to 3 g for
. 0.25% or | f MpO,.

0.658 = molecular ratio of NsO to K,0. b or less of M5O

Note 65—When NaNQ is added, the expulsion of HNOby boiling
) ) must be complete. If any HNO-emains in the solution, it will react with
18. Manganic Oxide Reference Methoj the added NaBiQ and decrease its oxidizing value. If there is any

18.1 Summary of Methedln this procedure, manganic manganese in the cement, the first small quantity of NaBi@uld bring
oxide is determined volumetrically by titration with sodium Ut @ Purple color.
arsenite solution after oxidizing the manganese in the cement 18.3.2 The solution should have a volume of 100 to 125 mL.
with sodium metabismuthate (NaBjD Cool it to room temperature. To the solution add a total of 0.5
18.2 Reagents g of NaBiO 5 in small quantities, while shaking intermittently.
18.2.1 Sodium Arsenite, Standard Solutih mL =0.0003  After the addition is completed, shake the solution occasionally
g Mn,0O;)—Dissolve in 100 mL of water 3.0 g of sodium for 5 min and then add to it 50 mL of cool HN@1+33) which
carbonate (NgCO;) and then 0.90 g of arsenic trioxide has been previously boiled to expel nitrous acid. Filter the
(As,0O3), heating the mixture until the solution is as completesolution through a pad of ignited asbestos in a Gooch crucible
as possible. If the solution is not clear or contains a residuegr a carbon or fritted-glass filter with the aid of suction. Wash
filter the solution. Cool it to room temperature, transfer to athe residue four times with the cool HN@1+33). Titrate the
volumetric flask, and dilute to 1 L. filtrate immediately with the standard solution of NaAs®he
18.2.1.1 Dissolve 0.58 g of potassium permanganatend point is reached when a yellow color is obtained free of
(KMnO ) in 1 L of water and standardize it against about 0.03brown or purple tints and does not change upon further
g of sodium oxalate (N&£,0,) oxidimetric standard furnished addition of NaAsQ solution.
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18.3.3 Blank—Make a blank determination, following the constant weight. Weigh 2.9222 g of dried reagent. Dissolve in
same procedure and using the same amounts of reagents, amater and dilute to exactly 1 L in a volumetric flask and mix

correct the results obtained in the analysis accordingly. thoroughly. This solution is the standard and requires no further
18.4 Calculate the percentage of Mn; to the nearest 0.01 standardization.
as follows: 19.4.2 Silver Nitrate, Standard Solutiof®.05N AgNO;)—
Mn, Oy, % = (EVIS) X 100 1) Dissolve 8.4938 g of silver nitrate (AgNfin water. Dilute to
1 L in a volumetric flask and mix thoroughly. Standardize
where: against 5.00 mL of standard 0.06sodium chloride solution
E = Mn,O; equivalent of the NaAs©solution, g/mL, diluted to 150 mL with water following the titration test
V= millilitres of NaAsQ, solution required by the sample, method given in 19.5.4 beginning with the second sentence.
and The exact normality shall be calculated from the average of
S = grams of sample used. three determinations as follows:
N = 0.25VM (12)

19. Chloride (Reference Test Methqgd

19.1 Summary of Test Methedin this test method total where:
chloride content of portland cement is determined by theN
potentiometric titration of chloride with silver nitrate. The 0.25 = milliequivalents NaCl (5.0 mLx 0.05N), and
procedure is also applicable to hardened concrete, clinker, any volume of AgNQ, solution, mL.
portland cement raw mix. Under the conditions of the test, no Commercially available standard solutions may be used
constituent normally present in these materials will interfere. provided the normality is checked according to the standard-
ization procedure.

normality of AgNO, solution,

Note 66—Species that form insoluble silver salts or stable silver . .
complexes in acid solution interfere with potentiometric measurements. 19.4.3 Methyl Orange Indicator-Prepare a solution con

Thus, iodides and bromides interfere while fluorides will not. Sulfide saltst@ining 2 g of methyl orange per litre of 95 % ethyl alcohol.

in concentrations typical of these materials should not interfere because 19.5 Procedure

they are decomposed by acid treatment. 19.5.1 Weigh a 5.0-g sample of the cement or a 10.0-g
19.2 Apparatus sample of concrete into a 250-mL beaker (Note 68). Disperse

19.2.1 Chloride, Silver/Sulfide lon Selective Electrodea the sample with 75-mL of water. Without delay slowly add 25

silver billet electrode coated with silver chloride (Note 67), ML Of dilute (1+1) nitric acid, breaking up any lumps with a
with an appropriate reference electrode. glass rod. If the smell of hydrogen sulfide is strongly evident at

19.2.2 Potentiometewith millivolt scale readable to 1 my this point, add 3 mL of hydrogen peroxide (30 % solution)

or better. A digital read-out is preferred but not required. ~ (Note 69). Add 3 drops of methyl orange indicator and stir.
19.2.3 Buret, Class A, 10-mL capacity with 0.05-mL divi- Cover the beaker with a watch glass and allow to stand for 1 to

sions. A buret of the potentiometric type, having a displaced Min- If a yellow to yellow-orange color appears on top of the
delivery tip, is convenient, but not required. settled solids, the solution is not sufficiently acidic. Add
additional dilute nitric acid (1+1) dropwise while stirring until
NoTe 67—Suitable electrodes are available from Qrion, Beckmang faint pink or red color persists. Then add 10 drops in excess.
Instruments, and Leeds and Northrup. Carefully following the manufac-Heat the covered beaker rapidly to boiling. Do not allow to boil

turer’s instructions, add filling solution to the electrodes. The silver billet or more than a few seconds. Remove from the hot plate (Note
electrodes must be coated electrolytically with a thin, even layer of siIvelf ) P

chloride. To coat the electrode, dip the clean silver billet of the electrode/ 0)-
into a saturated solution of potassium chloride (about 40 g/L) in water and .- 63__Use a 5-g sample for cement, and 10 g for concrete and other

pass an electric current through the electrode fron¥atd 6-V dry cell 5101415 having an expected chioride content of less than about 0.15 %
with the silver billet electrode connected to the posmye terminal of th_eCl_ Use proportionally smaller samples for materials with higher chioride
battery. A carbon rod from an all-dry cell or other suitable electrode iSq,,contrations. Use cement and other powdered materials as is without

connected to the negative terminal and immersed in the solution tQnqing Coarse samples require grinding to pass a 20-mesh sieve. If a
complete the electrical circuit. When the silver chloride coating wears Oﬁ’sample is too fine, excessive silica gel may form during digestion with

it is necessary to rejuvenate the electrode by repeating the aboleﬁmC acid. thereby slowing subseauent filtration
procedure. All of the old silver chloride should first be removed from the X y g g |

silver billet by rubbing it gently with fine emery paper followed by water
rinsing of the billet.

Note 69—Slags and slag cements contain sulfide sulfur in concentra-
tions that can interfere with the determination.
Note 70—Iltis important to keep the beaker covered during heating and

19.3 Reagents digestion to prevent the loss of chloride by volatilization. Excessive
19.3.1 Sodium ChloridgNaCl), primary standard grade. amounts of acid should not be used since this results in early removal of
19.3.2 Silver Nitrate(AgNOQy), reagent grade. the sil\(er chlori_dl_e goating f_rom the silver billet electrode. A slurry that is
19.3.3 Potassium ChloridgKClI), reagent grade (required ©n slightly acidic is sufficient.

for silver billet electrode only). 19.5.2 Wash a 9-cm coarse-textured filter paper with four
19.3.4 Reagent Wateconforming to the requirements of 25-mL increments of water using suction filtering provided by

Specification D 1193 for Type lll reagent water. a 250-mL or 500-mL Buchner funnel and filtration flask.
19.4 Preparation of Solutions Discard the washings and rinse the flask once with a small

19.4.1 Sodium Chloride, Standard Solutio(0.05 N portion of water. Reassemble the suction apparatus and filter
NaCl)—Dry sodium chloride (NaCl) at 105 to 110°C to a the sample solution. Rinse the beaker and the filter paper twice
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with small portions of water. Transfer the filtrate from the flask starting with the third sentence of 19.5.1 without delay. Correct
to a 250-mL beaker and rinse the flask once with water. Thé¢he results obtained in the analysis accordingly (Note 74) by
original beaker may be used (Note 71). Cool the filtrate tosubtracting the blank.

room temperature. The volume should not exceed 175 mL.  19.6 Calculation— Calculate the percent chloride to the

_ _ nearest 0.001 % as follows:
Note 71—It is not necessary to clean all the slurry residue from the

sides of the beaker nor is it necessary that the filter remove all of the fine 3.545[(V; — V,)N]

: et . . > 9 Cl, % = (13)
material. The titration may take place in a solution containing a small W
amount of solid matter.
where:

19.5.3 For instruments equipped with dial readout it isv, = millilitres of 0.05N AgNOj; solution used for sample
necessary to establish an approximate “equivalence point” by titration (equivalence point),
immersing the electrodes in a beaker of water and adjusting the/, = millilitres of 0.05N AgNO; solution used for blank
instrument to read about 20 mV lower than mid-scale. Record titration (equivalence point),
the approximate millivoltmeter reading. Remove the beakerN = exact normality of 0.05N AgNO; solution,
and wipe the electrodes with absorbent paper. 0.10 = milliequivalents of NaCl added (2.0 mk 0.05N),

19.5.4 To the cooled sample (Note 72) beaker from 19.5.2, and

carefully pipet 2.00 mL of standard 0.08 NaCl solution. weight of sample, g.

Place the beaker on a magnetic stirrer and add a TFE- Nore 74—For nonreferee analysis the blank may be omitted.
fluorocarbon-coated magnetic stirring bar. Immerse the elec- .

trodes into the solution taking care that the stirring bar does ng?0. Chloroform-Soluble Organic SubstancesReference
strike the electrodes; begin stirring gently. Place the delivery  Test Methog

tip of the 10-mL buret, filled to the mark with standard 05 20.1 Summary of Test MethedThis test methot? was
silver nitrate solution, in (preferably) or above the solutionspecially designed for the determination of Vinsol resin and
(Note 73). tallow in portland cement, although mineral oil, common rosin,
Note 72—It is advisable to maintain constant temperature duringCaICIum stearate, and Othef fatty acid cor_npoun_ds, and pr_Obably
measurement, for the solubility relationship of silver chloride variesSOMe che.r substances, if p,rese”t’ will b_e mdUde.d in the
markecﬂy with temperature at low concentrations. determ|nat|on Eth’eme care Is necessary N the entire prOCG-
Note 73—If the tip of the buret is out of the solution, any adhering dure. The test method may be applied to types of cement other
droplet should be rinsed onto the beaker with a few millilitres of waterthan portland cement, although if the cement contains a large
following each titration increment. amount of acid-insoluble matter, the emulsions may separate
§Iowly, and less vigorous shaking, more chloroform, and more
washing may be necessary.
20.2 Reagents
20.2.1 Chloroform—If the blank determination as described
in 20.3.5 exceeds 0.0015 g, the chloroform should be distilled
before use. Chloroform recovered in the procedure may be
§Iightly acid but can be reused for the portions to be shaken

Ir'(la(adtlr?gt mh column: 1 andq ZXT 2llfour—cc;éumnt ;gecorgmtg formWith the aqueous acid solution of the sample in the 1-L funnel.
K€ that Shown I Appencix 2. ATow suticient ime BEWEEN oporoform used for washing the filter and transferring the

each addition for the electrodes to reach equilibrium with the tract should be fresh or distilled from fresh chloroform
sample solution. Experience has shown that acceptable rea "20.2.2 Stannous ChloridéSnCh) '
ings are obtained when the minimum scale reading does not 20.3.Procedure '

change within a 5-s penod (usuglly W'th'n 2 min). 20.3.1 Place 40 g of cement in a 1-L Squibb separatory
19.5.7 As the equivalence point is approached, the equalnnel (Note 75) and mix it with 520 mL of water added in two
additions of AgNQ solution will cause larger and larger 5nnroximately equal portions. Shake vigorously immediately
changes in the millivoltmeter readings. Past the equivalencgser the addition of the first portion to effect complete
point the change per increment will again decrease. Conti”USispersion. Then add the second portion and shake again. At
to ftitrate until three readings past the approximate equivalencgnce add rapidly 185 mL of HCI in which 10 g of SnGNote
point have been recorded. 76) have been dissolved, rapidly insert the stopper in the
19.5.8 Calculate the difference in millivolt readings betweenfynnel, invert, and shake with a swirling motion for a few
successive additions of titrant and enter the values in ColumBeconds to loosen and disperse all the cement, taking care to
3 of the recording form. Calculate the difference betweergyoid the development of great internal pressure due to
consecutive values in Column 3 and enter the results innnecessarily violent shaking. Release internal pressure imme-

Column 4. The equivalence point of the titration will be within diate|y by opening and C|Osing the Stopcock_ Repea’[ the
the maximumA mV interval recorded in Column 3. The

precise equivalence point can be interpolated from the data
listed in Column 4 as shown in the Appendix X1. 2 The 1965 revision of these test methods deleted the methoxyl test method |
. . . e revision o ese test methods delete € methoxyl test metnoa tor
19.5:9 Blank—Make a blank determlnatlon using 75 mL of determining Vinsol resin. Those interested in this test method should refer to the
water in place of the sample, following the same procedure9sé Book of ASTM Standardgart 9.

19.5.5 Gradually titrate, record the amount of standard 0.0
N silver nitrate solution required to bring the millivoltmeter
reading to —60.0 mV of the equivalence point determined in the
water.

19.5.6 Continue the titration with 0.20-mL increments.
Record the buret reading and the corresponding millivoltmete
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shaking and release the pressure until the decomposition of theNote 80—Care should be taken in drying the extract, as many of the

cement is complete. If necessary, break up persistent lumpgloroform-soluble organic substances are somewhat volatile when heated
with a long glass rod. Cool to room temperature rapidly byfor a long time at even moderate temperatures. With protection from the
) accumulation of dust, the solution may be evaporated at room temperature

allowing tap water to run on the flask. overnight.

Note 75—The use of grease to lubricate the stopcocks and glass When a quick evaporation is desired, the solution may be evaporated on
stoppers of the separatory funnels should be avoided. Wetting the hot plate atlow heat under a stream of dry air through a glass tube (about
stopcocks with water before using will assist in their easy operation. 10 mm in inside diameter) until it is about 3 mm in depth. Then remove

Note 76—The purpose of the SnCls to prevent the oxidation of the vessel from the hot plate and continue a slow stream of dry air until
sulfide sulfur to elemental sulfur, which is soluble in chloroform. the residue appears dry. Then continue with a more rapid stream of dry air

- for 5 min at room temperature before placing the vessel in the oven at 57
20.3.2 Add 75 mL of chloroform to the solution, stopper theto 63°C. After each 3-min heating period in the oven, pass dry air into the

funnel, shake it V'gorOUS|y_for 5 min, and allow the water andvessel for about 15 s before weighing. The air may be dried by passing it
chloroform to stand 15 min to separate. Draw off the lowerihrough a cheap desiccant, such as calcium chioride or sulfuric acid,
chloroform layer into a 125-mL Squibb separatory funnel,followed by a desiccant of high efficiency, such as magnesium perchlorate
including the scum (Note 77) and a few millilitres of the oranhydrous calcium sulfate, with care taken to avoid the carrying of dust
aqueous layer, making certain that all the scum is transferredom the desiccant by the air. Instead of using compressed air, which is
Keep the amount of the aqueous layer transferred to a ften contamlna_lted with oil, dirt, and moisture, one can p_Iace the
absolute minimum. since excessive water in the 125-mL funnq“L loroform solution under a bell glass and induce a stream of air through

Itini let tracti fth d e desiccants by means of an aspirator or vacuum pump.
may result in incomplete extraction of the scum and may Cause \\ o, vinsol resin is known to be the only substance present, the

an emulsion which does not separate readily. Shake the funnglsigue is more stable and may be heated at 100 to 105°C, instead of 57
vigorously to ensure the complete extraction of the scumio 63°C, in order to expel all possible traces of chloroform.

Allow the chloroform to separate, and draw it into a 250-mL N .

Squibb separatory funnel which contains 50 mL of water and a 20'|3'5 I?[[arllnk—Makt?[ at g?glt( dle(;gr()r?g]?gr?nNI%nltgela 4%'9
few drops of HCI, making sure to keep the scum behind in thedMmpie of the cement a 0 (Note 81) an
125-mL funnel. Shake the 250-mL funnel, and draw theregrlnd. Treat this ignited sample by the same procedure and
chloroform into another 250-mL funnel that contains 50 mL ofus‘m?t the sagle Ireagents as in the analysis and correct the
water and a few drops of HCI. Shake this funnel as in the casg-Sults accordingly.

of the first 250-mL funnel. When the chloroform separates, Norte 81—Care should be taken to completely burn off the organic
draw it into a standard-taper flat-bottom boiling flask (Notesubstance. A100-mL flat platinum dish, in which the sample is well spread

78), taking care not to allow any water to enter the flask. ~ out, and a muffle furnace are advised for this purpose. If such a furnace is
not available, a large high-temperature burner of the Meker type may be

Note 77—There is usually a dark colored scum at the liquid interface.used. Thorough stirring of the sample should be done frequently—every
It may contain chloroform-soluble organic substance after shaking in th& min when a burner is used.

funnel, where the proportion of water to chloroform is great. It may be .
concentrated and confined to a small volume by gently twirling the funnel 20-4 Calculation— Calculate the percentage of chloroform-

after the scum has been drawn into the narrower part of the funnel. ~ Soluble organic substances to the nearest 0.001 by multiplying
Note 78—The liquid is later distilled. No cork or rubber stoppers the weight in grams of residue (Note 82) by 2.5 (100 divided

should be used. A 250 or 300-mL soil analysis flask, fitted with apy the weight of the sample used (40 g)).

condenser tube by means of a ground joint, is satisfactory. The tube may

be bent near the neck and the remaining part fitted with a water-cooling Note 82—If the organic substance in the cement is tallow, the residue

jacket. Chloroform thus recovered may be reused as described in 20.2.15.the fatty acids resulting from the hydrolysis of the tallow in the hot acid

. . solution, and its weight should be multiplied by 1.05 to give the weight of
20.3.3 Add 25 mL of chloroform to the solution in the the original glycerides in the tallow. If the original substance is calcium

original 1-L separatory funnel, and carry out the operations aiearate, the residue is stearic acid, and its weight multiplied by 1.07 gives
described in 20.3.2, retaining the original wash water in thehe weight of calcium stearate.

250-mL funnels. Repeat, using another 25-mL portion of
chloroform. ALTERNATIVE TEST METHODS
20.3.4 Distill the combined chloroform extracts in the
boiling flask until their volume is reduced to 10 to 15 mL. 21. Calcium Oxide Alternative Test Methoyl
Filter the remaining liquid into a weighed 100-mL glass beaker 21.1 Summary of Test Method
or platinum dish (Note 79) through a small medium-textured 21.1.1 This test method covers the gravimetric determina-
filter paper that has been washed with fresh chloroform. Rinsgon of CaO after removal of SiQand the ammonium
the flask and wash the paper with several small portions ofydroxide groups and double precipitation of calcium as the
fresh chloroform. Evaporate the extracts at a low temperaturgxalate. The precipitate is converted to CaO by ignition and is
(not over 63°C) to dryness (Note 80) and heat it in an oven afyeighed.
57 to 63°C for 3 min. Pass dry air into the vessel for 15's, cool, 21.1.2 Strontium, usually present in portland cement as a
and weigh. Repeat the heating and weighing until two succesninor constituent, is precipitated with calcium as the oxalate
sive weighings do not differ by more than 0.0010 g. The higheiand is subsequently calculated as CaO. If the SrO content is
of the last two weights shall be taken as the true weight.  known and correction of CaO for SrO is desired as, for
Note 79—A platinum dish is preferable, as it quickly attains the €X@mple, for research purposes or to compare results with
temperature of the balance. If a glass beaker is used, it should be allows?RM certificate values, the CaO obtained by this test method
to stand in the case of the balance for at least 20 min before weighing.may be corrected by subtracting percent SrO. In determining
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conformance of a cement to specifications the correction of 22.3.3 Hydroxyquinoline Solution-Dissolve 25 g of
CaO for SrO should not be made. 8-hydroxyquinoline in 60 mL of acetic acid. When the solution
21.2 Procedure(Note 83): is complete, dilute to 2 L with cold water. One millilitre of this
21.2.1 Acidify the combined filtrates obtained in the deter-solution is equivalent to 0.0016 g of MgO.
mination of the ammonium hydroxide group (7.1-7.3) and, if 22.3.4 Potassium Bromate-Potassium Bromide, Standard
necessary, evaporate to a volume of about 200 mL. Add 5 miSolution(0.2 N)—Dissolve 20 g of potassium bromide (KBr)
of HCI, a few drops of methyl red indicator solution, and 30 and 5.57 g of potassium bromate (KBgpin 200 mL of water
mL of warm ammonium oxalate solution (50 g/L) (Note 39). and dilute to 1 L. Obtain the ratio of the strength of this
Heat the solution to 70 to 80°C and add MdH (1+1) solution to that of the 0.IN N&a,S ,0; solution (22.2.6) as
dropwise with stirring until the color changes from red to follows: To 200 mL of water in a 500-mL Erlenmeyer flask add
yellow (see Note 40). Allow the solution to stand without 25.0 mL of the 0.2N KBrO5-KBr solution, measured from a
further heating fo 1 h (not longer), with occasional stirring pipet or buret. Add 20 mL of HCI, stir, and add immediately 10
during the first 30 min. Filter using a retentive paper and wastmL of potassium iodide (KI) (250 g/L). Mix well and titrate at
moderately with cold ammonium oxalate solution (1 g/L).once with the N&S,0O5 solution until nearly colorless. Add 2
Reserve the filtrate and washings. mL of starch solution and titrate to the disappearance of the
blue color. Calculate the ratio in strength of the KB+KBr

Note 83—When analyses are being made for determining conformity . . L
to specifications and there is a possibility that sufficient manganese will bgomt'on to the Ng5,0; solution by dividing the volume of

present to cause the percentage of magnesium determined by alternate &@3203 50_|Uti0n by the volume of KBr@KBr solution used
methods to exceed the specification limit, manganese may be removed B the titration.

directed in 13.3.2 before CaO is determined by this alternative test 22.3.5 Potassium lodide Solutio(250 g KI/L).
method. 22.3.6 Sodium Thiosulfate, Standard Solutigd.1 N)—

21.2.2 Transfer the precipitate and filter paper to the beaképiSS0Ive 25 g of sodium thiosulfate (8,0 - SH,0) in 200
in which the precipitation was made. Dissolve the oxalate in 5¢NL Of water, add 0.1 g of sodium carbonate (N® ), and
mL of hot HCI (1+4) and macerate the filter paper. Dilute todilute to 1 L. Let stand at least 1 week. Standardize this
200 mL with water, add a few drops of methyl red indicator angSolution directly against primary standard potassium dichro-
20 mL of ammonium oxalate solution, heat the solution nearlyMateé (KCr ;07). One millilitre of 0.10N Na ,S,0; solution is

to boiling, and precipitate calcium oxalate again by neutralizduivalent to 0.000504 g of MgO. -
ing the acid solution with NFOH as described in 13.3.1. 22.3.7 Starch Solutior— To 500 mL of boiling water add a

Allow the solution to stand 10t2 h (standing fo2 h atthis cold suspensionfd g of soluble starch in 25 mL of water, cool
point does no harm), filter, and wash as before. Combine thi® room temperature, add a cool solutioh®g of sodium
filtrate with that already obtained and reserve for the determifydroxide (NaOH) in 50 mL of water, add 15 g of KI, and mix
nation of MgO (14.3.1). thoroughly.

21.2.3 Dry the precipitate in a weighed covered platinum 224 Procedure

crucible. Char the paper without inflaming, burn the carbon at 22-4-1 Disperse 0.5 g (Note 84) of the sample of cement in

as low a temperature as possible, and, finally, heat with th@ 400-mL beaker with 10 mL of water, using a swirling motion.
crucible tightly covered in an electric furnace or over a blastVhile still swirling, add 10 mL of HCI all at once. Dilute
lamp at a temperature of 1100 to 1200°C. Cool in a desiccatdfmediately to 100 mL. Heat gently and grind any coarse
and weigh as CaO. Repeat the ignition to constant weight, Particles with the flattened end of a glass rod until decompo-
21.2.4 Blank—Make a blank determination, following the Sition is complete, add 2 or 3 drops of HNOand heat to
same procedure and using the same amounts of reagents, atffing (Note 85).
correct the results obtained in the analysis accordingly. Note 84—If Si0,, ammonium hydroxide group, and CaO are separated
21.3 Calculation and determined in accordance with the appropriate sections for either the
21.3.1 Calculate the percentage of CaO to the nearest 0.1 bg,ference or qlter_native test methods_, the_ remaining fiItr_ate may be qsed
multiplying the weight in grams of CaO by 200 (100 divided for the determination of MgO as described in 22.4.1, starting with the third

- from the last sentence of 22.4.2, “Add 5 mL of HCI. . .”.
by the weight of sample used (0.5 g)). Note 85—In the case of cements containing blast-furnace slag or a

21.3.2 Correct the percent CaO for SrO, if desired, bysjgnificant quantity of sulfide sulfur, add 12 drops of Hj&nd boil for
subtracting the percent SrO. 20 min to oxidize iron and remove sulfide.

. . . 22.4.2 Add 3 drops of methyl red indicator to the solution
22. Magnesium Oxide Qlternative Test Methoy and then add NEDH until the solution is distinctly yellow.
22.1 Summary of Test MethedThis alternative test method Heat this solution to boiling and boil for 50 to 60 s. In the event
is a volumetric procedure suitable for use when the determidificulty from bumping is experienced while boiling the
nations of silicon dioxide (Si¢), aluminum oxide (AJO;),  ammoniacal solution, a digestion period of 10 min on a steam
ferric oxide (FgO3), and calcium oxide (CaO) are omitted.  bath, or a hot plate having the approximate temperature of a
22.2 Rapid Volumetric Test Method (Titration of Magnesiumsteam bath, may be substituted for the 50 to 60-s boiling

Oxyquinolate) period. Remove from the burner, steam bath, or hot plate and
22.3 Reagents allow to stand until the precipitate has settled. Using medium-
22.3.1 Ammonium Nitrate Solutio20 g NH,NO4/L). textured paper, filter the solution without delay, wash the
22.3.2 Ammonium Oxalate Solutiofd0 g/L). precipitate twice with hot NFNO4(20 g/L), and reserve the
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filtrate. Transfer the precipitate with the filter paper to the 22.5 Calculation— Calculate the percentage of MgO to the
beaker and dissolve in 10 mL of HCI (1+1). Macerate the filternearest 0.1 as follows: (Note 90)

paper. Dilute to about 100 mL an_d heat to boiling. Rep_recipi-_ MgO, % = E(V,;R — V/,) X 200 (14)
tate, filter, and wash the hydroxides as above. Combine this

filtrate and washings with those from the first precipitation where:

taking care that the volume does not exceed 300 mL (Note 86)E
Add 5 mL of HCI, a few drops of methyl red indicator solution V1 millilitres of KBrO—KBr solution used,

and 30 mL of warm ammonium oxalate solution (50 g/L). Heat R ratio in strength of the KBr@-KBr solution to the
the solution to 70 to 80°C and add NBH (1+1) dropwise, Na,S,0; solution, .

while stirring, until the color changes from red to yellow (see Y2 millilitres of Na,S,05 solution used, and

Note 40). Allow the solution to stand without further heating 100 divided by the weight of sample used (0.5 g).
for 15 min on a steam bath. Note 90—V, R represents the volume of B&,0O; solution equivalent

to the volume of KBr@-KBr solution usedV, represents the amount of

Note 86—In the case of cements containing blast-furnace slag, o s,0, required by the excess KBESKBr which is not reduced by
which are believed to contain a significant quantity of manganese, acidifyyagnesium oxyquinolate.

with HCI, evaporate to about 100 mL, and remove the manganese, using
the procedure described in 13.3.1. 23. Loss on Ignition

22.4.3 Add 10 to 25 mL of the 8-hydroxyquinoline reagent 23.1 Portland Blast-Furnace Slag Cement and Slag Cement
(Note 87) and then 4 mL of N}©H/100 mL of solution. Stir  (Alternative Test Method)
the solution on a mechanical stirring machine for 15 min and 23.1.1 Summary of Test MethedThis test method covers a
set aside until the precipitate has settled (Note 88). Filter theorrection for the gain in weight due to oxidation of sulfides
solution using medium-textured paper and wash the precipitatesually present in such cement by determining the decrease in
with hot NH,OH (1+40). Dissolve the precipitate in 50 to 75 the sulfide sulfur content during ignition. It gives essentially
mL of hot HCI (1+9) in a 500-mL Erlenmeyer flask. Dilute the the same result as the reference test method (16.2.1 through
resulting solution to 200 mL and add 15 mL of HCI. Cool the 16.2.3) which provides for applying a correction based on the
solution to 25°C and add 10 to 35 mL of the NXBrO4-KBr  increase in SQ content.
solution (Note 89) from a pipet or buret. Stir the solution and 23.1.2 Procedure
allow to stand for about 30 s to ensure complete bromination. 23.1.2.1 Weif 1 g ofcement in a tared platinum crucible,
Add 10 mL of KI (250 g/L). Stir the resulting solution well and cover, and ignite in a muffle furnace at a temperature of
then titrate with the 0.N Na,S ,O; solution until the color of 950+ 50°C for 15 min. Cool to room temperature in a
the iodine becomes faintly yellow. At this point add 2 mL of the desiccator and weigh. After weighing carefully transfer the
starch solution and titrate the solution to the disappearance dgnited material to a 500-mL boiling flask. Break up any lumps
the blue color. in the ignited cement with the flattened end of a glass rod.

23.1.2.2 Determine the sulfide sulfur content of the ignited

Note 87—An excess of the 8-hydroxyquinoline reagent is needed t ; ; ;
avoid a low result for MgO, but too great an excess will yield high resultsc.)Sample using the procedure described in 15.2.1 through 15.2.5.

The following guide should be used to determine the amount of reagenllJSIng the same procedure, also determine the sulfide sulfur

MgO equivalent of the Ng&,04 solution, g/mL,

added: content of a portion of the cement that has not been ignited.
Approximate Content of Approximate Amount of 23.1.3 Calculation—Calculate the percentage loss of
MgO, % Reagent Required, mL weight occurring during ignition (23.1.2.1) and add twice the
01015 10 difference between the percentages of sulfide sulfur in the
1.5t0 3.0 15 . . . . .
301045 20 original sample and ignited sample as determined in 23.1.2.2.
45106.0 25 Report this value as the loss on ignition.

Note 91—If a gain of weight is obtained during the ignition, subtract
Note 88—The precipitate should be filtered within an hour. Prolongedthe percentage of gain from the correction for sulfide oxidation.

standing may cause high results. 24, Titani Dioxide (Alt tive Test Meth
Note 89—The amount of the standard KBgdKBr solution used - Titanium Dioxide (Alternative Test Metholi

should be as follows: 24.1 Summary of Test Methedin this test method, titanium

Approximate Content of Amounts of Standard KBrO,— dioxide (TiQ,) is determined colorimetrically by comparing
MgO, % KBr Solution, mL the color intensity of the peroxidized solution of the titanium in
0to 1 10 the sample with the color intensity of a peroxidized standard
1to2 15 solution of titanic sulfate.
gEOj gg 24.2 Interferences- Interfering elements in the peroxide
P 30 method for TiQ are vanadium, molybdenum, and chromium.
51t0 6 35 In very small quantities the interference of the last two is

negligible. However, vanadium in very small quantities causes
interference and, as some cements contain this element, the
22.4.4 Blank—Make a blank determination, following the NaCO ; fusion (24.5.4) and extraction with water are neces-
same procedure and using the same amounts of reagents, asaty.
correct the results obtained in the analysis accordingly. 24.3 Apparatus
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24.3.1 Colorimeter— The apparatus shall consist of a colo- precipitate to the filter. Scrub the beaker with a rubber
rimeter of the Kennicott or Duboscq type, or other colorimeterpoliceman and rinse the beaker and policeman. Wash the filter
or spectrophotometer designed to measure light transmittanctgvo or three times with hot HCI (1+99) and then with ten or
and suitable for measurements at wavelengths between 400 atveelve small portions of hot water, allowing each portion to
450 nm. drain through completely.

24.4 Reagem’s. . Note 93—A hot plate may be used instead of a steam bath if the heat

24.4.1 Ammonium Chloridg¢NH,CI). is so regulated as to approximate that of a steam bath.

24.4.2 Ammonium Nitratg20 g NH,NO4/L).

24.4.3 Ferrous Sulfate Solutiol mL = 0.005 g FgO;)—
Dissolve 17.4 g of ferrous sulfate (Fe$OrH ,0) in water
containing 50 mL of HSO, and dilute to 1 L. One millilitre is
equivalent to 1 % of F® 5 in 0.5 g of sample.

24.4.4 Hydrogen Peroxid€30 %)—Concentrated hydrogen
peroxide (HO,). Note 94—When it is desired to shorten the procedure for purposes

24.4.5 Sodium Carbonat¢20 g NaCOs/L). other than referee analysis, usually with little sacrifice of accuracy, the

24.4.6 Sodium or Potassium Pyrosulfafa,S,0, or K,S  Procedure given in 24.5.2 may be omitted. N
20.). Note 95—When a determination of Si0ds desired in addition to one

L . of TiO,, the SiQ may be obtained and treated with HF as directed in
24.4.7 Titanic Sulfate, Standard Solutiqda mL = 0.0002 g 6_2_3_fthrougho‘é_2_4)_/

TiO,)—Use standard Ti®furnished by the National Bureau of ) . .
Standards (Standard Sample 154 or its replacements). Dry for 24-5-3 Heat the filtrate to boiling and add hBH until the
2 h at 105 to 110°C. Transfer a weighed amount, from 0.20 t(§9Iutlon becomes distinctly alkaline, as indicated by an ammo-
0.21 g of the TiQ to a 125-mL Phillips beaker. A5 g of nlaca_\l odor. Ad_d a small amount of filter paper pulp to the
ammonium sulfate ((NK),SO,) and 10 mL of HSO, to the s_olutlon and boil for _50 to 60 s. Allow the precipitate tq settl_e,
beaker and insert a short-stem glass funnel in the mouth of tH&ter through a medium-textured paper, and wash twice with
beaker. Heat the mixture cautiously to incipient boiling while "0t NFUNO; solution (20 g/L). Place the precipitate in the
rotating the flask over a free flame. Continue the heating untiP/@tinum crucible in which the Sithas been treated with HF
complete solution has been effected and no unattacked mater@fd ignite slowly until the carbon of the paper is consumed.
remains on the wall of the flask (Note 92). Cool and rapidly Nore 96—When a determination of ammonium hydroxide group is
pour the solution into 200 mL of cold water while stirring desired in addition to one of TiQthe precipitation and ignition may be
vigorously. Rinse the flask and funnel with$10,(1+19), sti, ~made as described in 7.2.1-7.2.4. However, the crucible must contain the
and let the solution and washings stand for at least 24 h. Filtggsidue from the treatment of the Si@ith HF unless circumstances
into a 1-L volumetric flask, wash the filter thoroughly with PeMit its omission as indicated in Note 95.
H SO, (1+19), dilute to the mark with §80, (1+19), and mix. 24.5.4 Ad 5 g of NgCO; to the crucible and fuse for 10 to
Note 92—There may be a small residue, but it should not contain more15 min (see 24.2.1). Cool, separate the melt from- the CI-’UCIble’
than a trace of TiQif the operations have been properly performed. and trans_fer to a_sma” bea_‘ker' Wash the CrUCIble.Wlth ho_t
water, using a policeman. Digest the melt and washings until
24.4.8 Calculate the TiDequivalent of the titanic sulfate the melt is completely disintegrated, then filter through a 9-cm

24.5.2 Transfer the filter and residue to a platinum crucible
(Note 94), dry, and ignite slowly until the carbon of the paper
is completely consumed without inflaming. Treat the Sikdus
obtained with 0.5 to 1 mL of water, about 10 mL of HF, and 1
drop of H,SQO,, and evaporate cautiously to dryness (Note 95).

solution, g/mL, as follows: medium-textured filter paper and wash a few times with
E = AB/1000 (15) NaCO; (20 g/L). Discard the filtrate. Place the precipitate in
the platinum crucible and ignite slowly until the carbon of the
where: ) i ) paper is consumed.
E = TiO, equivalent of the Ti(SQ), solution, g/mL, 2455 Adl 3 g of NaS,0, or K,S,0, to the crucible and
A= g;;‘m;)‘)f standard Tipused (corrected for 10ss 0N paat pelow red heat until the residue is dissolved in the melt
5 - percentage of Tigin the standard TiQas certified (Note 97). Cool and dissolve the fused mass in water contain-

ing 2.5 mL of H,SO,. If necessary, reduce the volume of the
solution (Note 98), filter into a 100-mL volumetric flask
through a 7-cm medium-textured filter paper, and wash with
hot water. Add 5 mL of HPQ,, and cool the solution to room
temperature. Add kD, (1.0 mL of 30 % strength or its

24.5.1 Mix thoroughly 0.5 g of the sample of cement andg iyaient) (Note 99), dilute to the mark with water, and mix
about 0.5 g of NHCI in a 50-mL beaker, cover the beaker with thqoroughly). ( ) ’

a watch glass, and add cautiously 5 mL of HCI, allowing the
acid to run down the lip of the covered beaker. After the Note 97—Start the heating with caution because pyrosulfates (also
chemical action has subsided. lift the cover. stir the mixturdown as fused bisulfates) as received often foam and spatter in the

with a glass rod, replace the cover, and set the beaker on2§9/NNing due fo an excess of;80, Avoid an unnecessarily high
temperature or unnecessarily prolonged heating, as fused pyrosulfates

St_eam bath for 30 min (NOte 93). During this time of d'geSt_'o_n'may attack platinum. A supply of nonspattering pyrosulfates may be
stir the contents occasionally and break up any remainingrepared by heating some pyrosulfate in a platinum vessel to eliminate the
lumps to facilitate the complete decomposition of the cementexcess HSO, and crushing the cool fused mass.

Fit a medium-textured filter paper to a funnel and transfer the Note 98—If the solution is evaporated to too small a volume and

by the National Institute of Standards and Technol-
ogy, divided by 100, and
1000 = Number of millilitres in the volumetric flask.
24.5 Procedure
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allowed to cool, there may be a precipitate of sulfates difficult to 24.5.10 Colorimeter Designed to Measure Light
redissolve. In case of over-evaporation, do not permit the contents to coofransmittancy-The measurement should be made between
but add hot water and digest on a steam bath or hot plate until th%OO to 450 nm and may be made either visually or photoelec-
precipitate is redissolved, with the possible exception of a small amount of . . - f -
Sio,, tnc_ally. In most colorimeters of this type, the instrument is
calibrated with standard solutions and a calibration curve

Note 99—Hydrogen peroxide deteriorates on standing. Its strength . . . .
may be determined by adding a measured volume of the solution to 20§howmg the relation of light transmittancy or absorbance to

mL of cold water and 10 mL of k8O, (1+1) and titrating with a standard 110, Conten_t is prepared in advance of the analysis of the
solution of potassium permanganate (KMj\@repared in accordance Sample for TiO..

with 13.2.2. If the standard solution contains 0.0056357 g of KMmaL, 24.5.11 Blank—Make a blank determination, following the
49.5 mL of it will be required by 0.50 mL of 50, (30 %). same procedure and using the same amounts of reagent, and

24.5.6 Prepare from the standard Ti(3Q solution a  correct the results obtained in the analysis accordingly.
suitable reference standard solution or a series of reference 24.6 Calculation— Calculate the percentage of Ti@ the
standard solutions in 100-mL volumetric flasks, dependinglearest 0.01. When a colorimeter designed to measure light
upon the type of colorimeter to be used. To each solution adffiansmittancy is used, read the percentage of Jiffom a
3 g of NaS,0, or K,S,0, dissolved in water, an amount of calibration curve showing the relation of light intensity to TiO
FeSQ solution equivalent to the 5© ; content in 0.5 g of the ~ content. When the peroxidized solution of the sample is
cement under test, 2.5 mL of,80,, and 5 mL of HPQ, (Note compared with a single reference standard solution, calculate
100). When the solution is at room temperature, ad@ji.0  the percentage of TiQ as follows (Note 102):

mL of 30 % strength or its equivalent), dilute to the mark with 24.6.1 For Colorimeters of the Kennicott Type

water, and mix thoroughly (Note 101). TiO,, % = (100 VE/S X (D/C) (16)
Note 100—The color imparted to the solution by F80, ) , is partly 24.6.2 For Colorimeters of the Duboscq Type
offset by the bleaching effect of J30,, H;PO,, and alkali salts on ferric TiO,, % = (100 VE/S X (F/G) (7)

and peritanic ions. The directions should be followed closely for the

highest degree of precision. However, when it is desired to shorten thisyhere:

procedure for purposes other than referee analysis, the addition of; = miliilitres of standard Ti(SQ), solution in the peroxi-
pyrosulfate, FeS@solution and HPO, to the color comparison solutions dized standard solution,

may be omitted prowdgd the 5(93 of the sample cement is less than 5 %. E ti0, equivalent of the standard Ti(Sp solution,
This usually leads to little sacrifice to accuracy. g/mL

Note 101—The color develops rapidly and is stable for a sufficient S Grams of sample used,

period of time, but if the peroxidized solution is allowed to stand a long C total | f th idized ref tandard
time, bubbles of oxygen may appear and interfere with color comparison. otal volume o € peroxidized rererence standar

When the contents of a tube are first mixed, there may be fine bubbles solution, mL, _
which should be allowed to clear up before the comparison is made.D = Volume of peroxidized reference standard solution that

Comparison between the standard and unknown solution should be made matches the peroxidized solution of the sample, mL,

not less than 30 min after addition of,8,. F = Depth of peroxidized reference standard solution
through which light passes, anD

= Depth of peroxidized solution of the sample through
which light passes.

24.5.7 Compare the color, light transmittancy, or absor-
bance of the unknown solution with the reference standardG
solution. The technique of comparing colored solutions or
measuring transmittancy or absorbance depends on the type ofNotre 102—The difference betweeb and C or betweenF and G
apparatus (see 24.5.8-24.5.10) and should be in accordangiuld not exceed 50 % of the smaller value.
with standard practice appropriate to the particular type used or ) .
with instructions supplied by the manufacturer of the equip-25- Phosphorus PentoxideAlternative Test Methoyl
ment. If the peroxidized solution of cement is compared with a 25.1 Summary of Test Methedin this test method, phos-
single standard peroxidized solution, bear in mind that a singlehorus is determined volumetrically by precipitation of the
peroxidized solution cannot be used for the whole range in Tiohosphorus as ammonium phosphomolybdate and titration
2 content that may be encountered. The difference in volume arith NaOH and HSO,.
depth for the two liquids should not exceed 50 % of the smaller 25.2 Reagents
value. All solutions should contain the prescribed concentra- 25.2.1 Ammonium Molybdate SolutieaPrepare the solu-
tions of H,SO ,, H;PO,, Fe, (SO,) 5 and persulfate except tion in accordance with 9.3.1.
under the circumstances indicated in Note 101. 25.2.2 Ammonium Nitrat¢NH,NO,).

24.5.8 Colorimeter of the Kennicott TypeBy means of a 25.2.3 Potassium Nitrate Solutio(il0 g/L)—Dissolve 10 g
plunger in a reservoir of standard peroxidized solution, adjusdf potassium nitrate (KNQ) in water freshly boiled to expel
the amount of solution through which light passes until it givesCO, and cooled, and dilute to 1 L.
the same color intensity as the peroxidized solution of the 25.2.4 Sodium Hydroxide, Standard Solutiof®.3 N)—
sample. Dissolve 12 g of sodium hydroxide (NaOH) in 1 L of water that

24.5.9 Colorimeter of the Duboscq TypeLower or raise  has been freshly boiled to expel COand cooled. Add 10 mL
the plungers in the cups until the two solutions give the samef a freshly filtered, saturated solution of barium hydroxide
color intensity when viewed vertically. The color matching (Ba(OH),). Shake the solution frequently for several hours, and
may be done either visually or photoelectrically. filter it. Protect it from contamination by CQin the air.
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Standardize the solution against standard acid potassium pB-min, wash down the sides of the beaker with cool KNO
thalate (Standard Sample No. 84) or benzoic acid (Standarsblution (10 g/L), cover the beaker with a watch glass, and
Sample No. 39) furnished by the National Institute of Stan-allow to stand 2 h. Using suction, filter the precipitate (Note
dards and Technology, according to the directions furnished05), decanting the solution with as little disturbance to the
with the standard. Calculate the phosphorus pentoxid® (P precipitate as possible. Stir the precipitate in the beaker with a

equivalent (Note 103) of the solution, g/mL, as follows: stream of the cool KN@solution, decant the liquid, then wash
E = N X 0.003086 1g) the precipitate onto the filter. Scrub the stirring rod and beaker
with a policeman and wash the contents onto the filter. Wash
where: _ _ and precipitate until it is acid-free (Note 106), allowing each
E = P,0s equivalent of the NaOH solution, g/mL,  portion of wash solution to be sucked completely through
N = norma“ty Of the NaOH SO|utI0n, and before add|ng the next.

0.003086 = P,Og equivalent of IN NaOH solution, g/mL.
Note 105—The filter may be a small medium-textured filter paper

Note 103—The value of the solution is based on the assumption thagupported by a platinum cone, or a small Hirsch funnel may be used with
the phosphorus in cement s precipitated as ammonium phosphomolybdafiger paper cut to fit and a thin mat of paper pulp or acid-washed asbestos
(2(NH,)3PO, - 12Mo0;,) and that the precipitate reacts with the NaOH pulp. The filtration should be carried out with care to avoid any loss of the

solution thus: precipitate. The filter should fit well, and the suction should be started
2(NH,)4PO, - 12M0Q, + 46NaOH= 2(NH, ),HPO, before filtration and maintaine(_j until the end of the yvashing.
+ (NH,),M00, + 23NaMoO, + 22H,0 (19) Note 106—About ten washings are usually required. Test the tenth

The number of 0.003086 is obtained by dividing the molecular Weightwashing with one drop of neutral phenolphthalein indicator and half a

of P,Og (141.96) by 46 (for 46 NaOH in the equation) and by 1000 drop of the standard NaOH solution. If a definite pink color lasts at least
(number of millilitres in 1 L). 5 min, the precipitate is considered to be acid-free; otherwise, continue the

As the actual composition of the precipitate is influenced by theWashing.
conditions under which the precipitation is made, it is essential that all the 25.3.3 Transfer the filter and precipitate to the beaker in
details of the procedure are followed closely as prescribed. which the precipitation took place, using small damp pieces of
25.2.5 Sodium Nitrite(50 g NaNQ/L). paper to wipe out the funnel and to pick up portions of the
25.2.6 Sulfuric Acid, Standard Solutiof0.15 N)—Dilute  precipitate that may remain on it. Add 20 mL of cool Gfdee
4.0 mL of H,SO, to 1 L with water that has been freshly boiled water to the beaker, and break up the filter by stirring rapidly
and cooled. Standardize against the standard NaOH solutiowith the policeman that was used to scrub the beaker. Add an
Determine the ratio in strength of the standar$B), solution  excess of the 0.8 NaOH solution, stir the contents until all
to the standard NaOH solution by dividing the volume oftrace of yellow has disappeared, wash down the policeman and
NaOH solution by the volume of §$0, solution used in the sides of the beaker with 50 mL of cool, G@&ee water, and
titration. add 2 drops of neutral phenolphthalein indicator solution. Treat
25.3 Procedure the solution with a measured quantity of the 0M5H,SO,
25.3.1 Weigh 1d 3 g of thesample (Note 104) and 10 g of solution, sufficient to destroy completely the pink color. Com-
NH,4NO; into a 150-mL beaker. Mix the contents, add 10 mL plete the titration with the NaOH solution until there is a
of HNO;, and stir quickly, using the flattened end of a glass roddefinite faint pink color that lasts at least 5 min.
to crush lumps of cement, until the cement is completely 25.3.4 Blank—Make a blank determination, following the
decomposed and the thick gel of silica ($)@s broken up. same procedure and using the same amounts of reagents, and
Cover the beaker with a watch glass, place it on a water batborrect the results obtained in the analysis accordingly.
or a hot plate at approximately 100°C for 15 to 20 min, and stir 25.4 Calculation— Calculate the percentage of®; to the
the contents occasionally during the heating. Add 20 mL of honearest 0.01 as follows:
water to the beaker and stir the contents. If the cement contains P,0s, % = [E(V; — V,R)/S] X 100 (20)
an appreciable amount of manganese, as shown by the pres-
ence of a red or brown residue, add a few millilitres of where:
NaNO,(50 g/L) to dissolve this residue. Boil the contents of E
the beaker until all nitrous fumes are completely expelled. ThisV1
procedure should not take more than 5 min, and water should’2
be added to replace any lost by evaporation. Filter, using
medium-textured paper, into a 400-mL beaker under suction
and with a platinum cone to support the filter paper. Wash the
residue of SiQ with hot water until the volume of filtrate and 26. Manganic Oxide @Alternative Test Metho}l

washings is about 150 mL. 26.1 Summary of Test Methedln this test method manga-
Note 104—The amounts of sample and reagents used depend on ttiC oxide is determined volumetrically by titration with potas-

content of phosphorus in the cement. The minimum requirements argium permanganate solution.

sufficient if the cement contains 0.5 %, or more. The maximum 26.2 Reagents

amounts are required if the content ofd3 is 0.1 % or less. 26.2.1 Potassium Permanganate, Standard Solut{(orl8
25.3.2 Heat the solution to 69 to 71°C, remove it from theN)—Prepare a solution of potassium permanganate (KMnO

heat source, and immediately add 50 to 100 mL of theand standardize as described in 13.2.2, except that the manga-

ammonium molybdate solution. Stir the solution vigorously fornic oxide (Mn,O 5) equivalent of the solution is calculated

P,Os equivalent of the NaOH solution, g/mL,
millilitres of NaOH solution used,

millilitres of H,SO, solution used,

ratio in strength of the k80, solution to the NaOH
solution, and

= grams of sample used.
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instead of the calcium oxide (CaO) equivalent. Calculate the 27.2 Modified Franke Test Method (Alternative Test Method

Mn,O5 equivalent of the solution as follows: A):
E = (B X 0.3534/A ()  27.2.1Apparatus o _
27.2.1.1Refluxing Assemblygonsisting of a flask with

where: flat-bottom short neck Erlenmeyer flask with 250-mL capacity.
E = Mn,0O; equivalent of the KMnQsolution, g/mL,  The water-cooled refluxing condenser should have a minimum
B = grams of NaC,O, used, ) length of 300 mm. The flask and reflux condenser shall be
A = millilitres of KMnO, solution required by the  connected with standard tapered ground glass joints. The reflux

NaC,0, , and condenser shall be fitted with an absorption tube containing a

2 .
0.3534 = mole ratio of 3 MpO; to 10 NgC,0,. desiccant, such as indicating silica gel, and a material for the
26.2.2 Zinc Oxide(ZnO), powder. removal of CQ, such as Ascarite. The absorption tube shall be

26.3 Procedure _ inserted with a rubber stopper in the upper end of the reflux
26.3.1 Plae 2 g of thesample in a 250-mL beaker and add qjumn.

about 50 mL of water to the cement. Stir the mixture untilitis 27 2 1 2 guret having a 10-mL capacity and graduated in
in suspension and then add about 15 mL of HCI. Heat theits not more than 0.05 mL.

mixture gently until the solution is as complete as possible. 57 2 1 3\acuum Filtration Assemblgpnsisting of a Gooch
Add 5 mL of HNO; and 50 mL of water to the solution and boil ¢ cible size No. 3, 25-mL capacity in which is placed a

it until most of the chlorine has been expelled. If necessary, addyjtaple filter paper, 21-mm size, a Walter crucible holder, a

hot water to maintain the solution at a volume of about 100500.m|_ vacuum flask, and vacuum source. The crucible is half
mL. Stop the boiling and add ZnO powder to the solution untilfjjied with compressed filter pulp.

the acid is neutralized. Add an excess ofB% g of ZnO 27.2.1.4Glass Boiling Beads
powder to the solution and boil it for a few minutes. 27.2.2 Solutions Required

26.3.2 Without filtering, and while keeping the solution hot 57 5 5 1 Ethyl Acetoacetate—Isobutyl Alcohol Solver

(90 to 100°C) by intermittent or continuous heating, titrate theparts of volume of ethyl acetoacetate and 20 parts by volume
solution with the 0.18N KMnQO, solution until a drop of it s isobutyl alcohol.

gives a permanent pink color (Note 107). When the end point 27 5 2 2 Thymol Blue IndicatorDissolve 0.1 g of thymol

is approached, add the standard solution dropwise. After eag}) e indicator powder in 100 mL of isobutyl alcohol.

drop, stir the solution, allow the precipitate to settle a little, and 57 2 2 3 perchioric Acid. Standard Solutici®.2 N)—Dilute

observe the color of the stratum of the solution by lookingso> mL of 70 to 72 % perchloric acid to 1 L with isobutyl

through the side of the beaker. alcohol. Standardize this solution as follows: Ignite 0.1000 g of
Note 107—In the case of a cement in which the approximate content oPfimary standard calcium carbonate in a platinum crucible at

Mn ,05 is unknown, a preliminary determination may be made with rapid900 to 1000°C. Cool the crucible and contents in a desiccator

titration, 0.5 to 1 mL of the standard solution being added at a time, anéand weigh to the nearest 0.0001 g to constant weight. Perform
26.3.3 Blank—Make a blank determination, following the Immediately transfer the CaO without grinding to a clean, dry

same procedure and using the same amounts of reagents, dadenmeyer flask and reweigh the empty crucible to the nearest

correct the results obtained in the analysis accordingly. 0.0001 g to determine the amount of CaO added. Then follow
26.4 Calculation— Calculate the percentage of MD, to  procedure beginning with “Add 70 mL of the ethyl acetoac-
the nearest 0.01 as follows: etate—isobutyl alcohol...” in 27.2.3.1. Calculate the CaO
Mn,0,, % = EV X 50 (22) ~ €quivalents of the standard perchloric acid solution in grams
per millilitre by dividing the weight of CaO used by the volume
where: of perchloric acid required for the titration.
E = Mn O, equivalent of the KMnQ solution, g/mL, 27.2.3 Procedure
V = millilitres of KMnQ, solution used, and 27.2.3.1 Weigh 1.0000 g of ground sample (Note 108) and
50 = 100 divided by the weight of sample used (2 g). transfer it into a clean, dry 250-mL Erlenmeyer flask. Add four

to five glass boiling beads. Add 70 mL of prepared ethyl

27. Free Calcium Oxide @lternative Test Methods acetoacetate—isobutyl alcohol solvent. Agitate the flask to
27.1 Summary of Test MethodsThese are rapid test meth- disperse the sample.

ods for the determination of free calcium oxide in fresh clinker. o ) )

When applied to cement or aged clinker, the possibility of the Note 108—Thorough grinding of the sample is essential for proper

. . . . . exposure of the free lime grains that often are occluded in crystals of
presence of calcium hydroxide should be kept in mind sinceg P g y

et ; ricalcium silicate in the cement. However, exposure of the sample to the
these methods do not distinguish before free CaO and fregr must be kept at a minimum to prevent carbonation of the free lime. In
Ca(OH),. Two test methods are provided. Alternate TeStparticular, direct breathing into the sample must be avoided. The sample
Method A is a modified Franke procedure in which uncom-should be sufficiently fine to easily pass a No. 200 (75-um) sieve but actual
bined lime is titrated with dilute perchloric acid after solution Sieving is not recommended. If the sample is not to be immediately tested,
in an ethylacetoacetate-isobutylalcohol solvent. Alternate Teé%must be kept in an airtight container to avoid unnecessary exposure to
Method B is an ammonium acetate titration of the alcohol-"€ atmosphere.

glycerin solution of uncombined lime with Sr(NB as an 27.2.3.2 Attach the flask to a reflux condenser and bring the
accelerator. material to a boil. Reflux for 15 min.
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27.2.3.3 Remove flask from condenser, stopper, and cool 27.3.1.2 Phenolphthalein Indicater-Dissolve 1.0 g of phe-
rapidly to room temperature. nolphthalein in 100 mL of ethanol (Formula 2B) (Note 109).

27.2.3.4 Filter the sample and solution using the vacuum 27.3.1.3Glycerin-Ethanol Solver(l +2)—Mix 1 volume of
assembly. Wash the flask and residue with small increments (1@ycerin with 2 volumes of ethanol (Formula 2B). To each litre
to 15 mL) of isobutyl alcohol until a total of 50 mL has been Of this solution, add 2.0 mL of phenolphthalein indicator
used for wash solution. solution.

27.2.3.5 Add 12 drops of the thymol blue indicator to the Note 109—Ethanol denatured in accordance with Formula 2B (99.5 %
filtrate and immediately titrate with 0.® perchloride acid to ~ €thanol and 0.5 % benzol) is preferred but may be replaced by isopropyl
the first distinct color change. alcohol, A.R. _ _

27.2.4 Calculation— Calculate the percent free calcium 27-3.1.4Strontium Nitrate(Sr(NG,)), reagent grade.

oxide to the nearest 0.1 % as follows: 27.3.2 Procedure , _
EV % 100 27.3.2.1 Transfer 60 mL of the glycerin—ethanol solvent into

(23)  aclean, dry, 250-mL standard-taper flat-bottom boiling flask.

free CaO, %=

w Add 2 g ofanhydrous strontium nitrate (Sr(NY), and adjust
where: the solvent to slightly alkaline with a dropwise addition of a
E = CaO equivalent of the perchloric acid, g/mL, freshly prepared dilute solution of NaOH in ethanol until a
V = millilitres of perchloric acid solution required by faint pink color is formed. Weigh 1.000 g of the finely ground
sample, and sample (Note 109) into the flask, add encapsulated stirring bar,
W = weight of the sample, g. and immediately attach a water-cooled condenser (with a
27.3 Rapid Sr(NQ;), Method (Alternative Test Method B): standard 24/40 glass joint). Boil the solution in the flask on a
27.3.1 Reagents magnetic stirrer hot plate for 20 min with mild stirring.

27.3.2.2 Remove the condenser and filter the contents of the

27.3.1.1 Ammonium Acetate, Standard Soluti¢h mL = N
0.005 g CaO)—Prepare a standard solution of ammoniunf1la5k on a small polypropylene Biichner funnel under vacuum,

i . : using a 250-mL filtering flask with side tube. Bring the filtrate
ﬁicuer;a;ec((al':la?g?r??lolf)o?)étdr:gigllvil:g é? gc(l);gﬁsggategr;;n&%}eto a boil and immediately titrate with standard ammonium
Y » Stopp acetate solution to a colorless end point.

Standardize this solution by the same procedure as described Ny~ 273 Calculation— Calculate the percent free CaO to the
27.3.2.1, except use the following in place of the sample: ignit(?1 . ) P

. . . earest 0.1 % as follows:
to constant weight approximately 0.1 g of calcium carbonate
(CaCQ) in a platinum crucible at 900 to 1000°C, cool the free CaO, %= EV X 100 (24)
contents in a desiccator, and weigh to the nearest 0.0001 here:

Perform the weighings quickly to prevent absorption of water g — CaO equivalent of the ammonium acetate solution,

and CQ. Immediately transfer the CaO without grinding to a g/mL, and
250-mL boiling flask (containing glycerin—ethanol solventand vy = miliilitres of ammonium acetate solution required by
Sr(NG;),), and reweigh the empty crucible to determine the the sample.

weight of CaO to the nearest 0.0001 g. Continue as described

in 27.3.2.1 and 27.3.2.2. Calculate the CaO equivalent of thé8. Keywords

ammonium acetate in grams per millilitre by dividing the 28.1 chemical analysis; compositional analysis; hydraulic
weight of CaO used by the volume of solution required. cements
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APPENDIXES
(Nonmandatory Information)

X1. EXAMPLE OF DETERMINATION OF EQUIVALENCE POINT FOR THE CHLORIDE DETERMINATION

(Column 1) (Column 2) (Column 3) (Column 4)
AgNO3, mL Potential, mV A mvA A% mvE
1.60 125.3
5.8
1.80 119.5 1.4
7.2
2.00 112.3 1.3
8.5
2.20 103.8 1.3
9.8
2.40 94.0 0.6
9.2
2.60 84.8 2.3
6.9
2.80 77.9 0.8
6.1
3.00 71.8 1.3
4.8
3.20 67.0

The equivalence point is in the maximum A mV interval (Column 3) and thus between 2.20 and 2.40 mL. The exact equivalence point in this 0.20 increment is cal-
culated from the A2 mV (Column 4) data as follows:

E =220+ 13/1.3+ 0.6 X 0.20 = 2.337 mL. Round to 2.34.

A Differences between successive readings in Column 2.
B Differences between successive A readings in Column 3 “second differentials”.

X2. CO, DETERMINATIONS IN HYDRAULIC CEMENTS

X2.1 Scope X2.1.5 The split loss on ignition method in X2.2.1 can give

X2.1.1 This appendix contains information about methoddnisieading results when used with materials containing CaOH
for determination of carbon dioxide (GIin hydraulic cement. ~ (calcium hydroxide). This can occur with aged cement, cement
The methods listed received a favorable evaluation by Taskade from aged clinker, or high free lime clinker, in addition
Group C01.23.04. to cements with a lime or hydrated lime ingredient.

X2.1.2 Section X2.2 lists the analytical methods that re- )
ceived a favorable evaluation, briefly describes each methoai2.2 Analytical Methods

suggests analytical techniques or cautions that may be useful, x2 2 1 Split Loss on Ignitioa-This procedure is compa-

and indicates limitations to some of the methods. rable to the analytical method described in Test Methods

X2.1.3 The methods listed as X2.2.1, X2.2.4, X2.2.5, andc 114, Section 3.3.1.1, with the following modifications:
X2.2.6 determine total carbon calculated as,C®or that 1. A crucible of known mass and containing a sample of

reason, they are not appropriate for determination of Carboﬂnown mass is initially heated at 500°C for 2 h

dioxide in fly ash, limestones containing carbon in the form of . ) )

graphite or kerogen, in other carbon bearing materials, or in 2+ After being cooled to room temperature in a desiccator,

blended cements produced from these materials. and its mass odetermlned, the crucible with sample is then
X2.1.4 The methods listed in X2.2.2 and X2.2.3 can deter-heated at 950°C for 2 h.

mine actual CQ directly rather than by calculation from total 3. Finally, the crucible with sample is cooled and its mass is

carbon. They are suggested for analysis of blended cemen@gtermined as per Step No. 2.

and blended cement ingredients which are likely to contain 4. The difference in residue masses after the respective heat

non-carbonate carbon. treatments is assumed to be carbon dioxide.
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TGA results indicated that CaQHcan lose a significant TABLE X2.1 Cooperative Test Series No. 1
portion of its mass above 500°C. Thus, the Split Loss on Single Determinations
Ignition procedure should not be used when situations de- Carbon  Determinations Added CO, -
scribed in X2.1.5 exist. Dioxide Base €% o Known?
X2.2.2 Thermogravimetric Analysis (TGA)This method Unknown” _ Cement”  Determined
involves the determination of sample mass loss at variousPit L©' s o Toe 2:00
temperatures. The heating of a sample through a temperature o 036 207
range allows for mass loss differentiation based on mineral 2.39 0.32 2.09
form (for example, CaC§ MgCQ,, CaOH, etc.). Specific s 2% o
operational information is provided by the equipment manu- test methods E 350 200 002 108
facturers. If free carbon is present, an inert atmosphere (for 2.00 0.02 1.98
example, nitrogen) should be used for sample analysis. induction Fumace/lR 246 P oo
X2.2.3 Test Methods C 25, Section 22Standard Test 2.38 0.40 2.00
Methods for Chemical Analysis of Limestone, Quicklime, and 2.42 0.48 1.97
Hydrated Lime.” This method involves decomposition of the “'erage Standard 202
sample with HCI. The liberated CQs then passed through a 0.05

series of scrubbers to remove water and sulfides. Thg i€O0 A The Unknown was prepared by blending/grinding a mixture of 5.00 % NIST
absorbed with special Sodium Hydroxide Absorbent (AscarSRM 1C Argillaceous Limestone and 95.00 % CCRL Portland Cement Reference

. - ; ; ; mple No. 85. According to the Certificate of Analysis, the SRM 1C had a loss on
Ite)' The gain In mass of the absorptlon tube is determined ani%?ﬂtion of 39.9 %. For the purpose of the cooperative test series, the loss on

calculated as percent GOCalcium carbonate, for instance, ignition was assumed to be CO, only.
can be calculated by mu|tip|ying the determined ZQIbntent B The Base Cement was CCRL Portland Cement Reference Sample No. 85.

. c i 9 i i
by a conversion factor (for example, g@ 29742 = CaCQ. " Cghefgi:e{glrﬁ:kfoaid;dggz was obtained by subtracting the Base Cement
2 2"

X2.2.4 X-ray Fluorescence Spectroscepin this method © The addition of 5.00 % NIST SRM 1C (with a loss on ignition value of 39.9 %)

the sample is ground to a fine particle size pressed into a f|a\tould provide 2.00 % Added CO,. (Again, it was assumed that the SRM 1C loss
. . . ! on ignition was only carbon dioxide.)

pellet and irradiated with the chosen instrument. Carbon

content is determined by comparing the collected carbon

emissions to calibration standards.

X2.2.5 Combustion by Induction FurnaceARThis method

TABLE X2.2 Cooperative Test Series No. 2

Averages from Three Determinations

involves volatilization by induction furnace and detection by Carbon  Determinations Added CO2: added co,
infrared absorption. Suitable calibration standards (for ex- Unknown®  Cement®  Determinedc % Known®?
ample, calcium carbonate and synthetic carbon) are availablg; o, 2.00 041 1.59 1.60
from some instrument manufacturers. NIST cement SRM’s 1.65 0.32 1.33
with known additions of NIST argillaceous limestone (or other 2.02 0.46 1.56
suitable standards) should also be considered to check instru- ;:ié 8;22 123
ment calibration. 1.91 0.41 1.50
X2.2.6 “Test Methods E 356-This method, Total Carbon 11-(?:5 c?-(;‘OGE 11-5325
by the Combustion Gravimetric Method from Test Methods for ,quction Furnace/r 203 0.28 1.95
Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon 1.96 0.28 1.68
Electrical Steel, Ingot Iron, and Wrought Iron,” is suitable for s P e
the determination of carbon in concentrations from 0.05 to 187 0.25 162
1.80 % (as carbon dioxide 0.18 to 6.60 %). The test methodverage Standard Deviation é.ig

involves burning the sample in a stream of oxygen; the carbon
dioxide in the evolved gases is then collected in a suitable A The Unknown was prepared by blending/grinding a mixture of 4.00 % NIST

b bent d it det ined. Ti f lvsis is | SRM 1C Argillaceous Limestone and 96.00 % CCRL Portland Cement Reference
absorbent and Its mass aetermined. lime or analysis 1S e%%mple No. 85. According to the Certificate of Analysis, the SRM 1C had a loss on

than 10 min. ignition of 39.9 %. For the purpose of the cooperative test series, the loss on
ignition was assumed to be CO, only.
. B The Base Cement was CCRL Portland Cement Reference Sample No. 85.
X2.3 Cooperatlve Test Results € The Determined % Added CO, was obtained by subtracting the Base Cement

. . % CO, from the Unknown % CO , .
X2.3.1 Tables X2.1 and X2.2 list results from two series of P The addition of 4.00 % NIST SRM 1C (with a loss on ignition value of 39.9 %)

cooperative tests using several of the analytical methodgould provide 1.60 % Added CO , . (Again, it was assumed that the SRM 1C loss
evaluated by the Task GrOUp' In a”’ five of the six methOdS)n’figrr;jgo)r(]g\;:aisngt?gnf:r:??;agizgl?lfrgted using standards composed of the Base
receivmg favorable ratings were included. The sixth methOdCement (that is, CCRL No. 85) and NIST SRI\%I 1C. It was assu’?ned that the Base
Test Methods C 25, was specifically not tested in these coopzement contained 0 % CO, .

erative series, but was rated favorably because of long history

of use with related materials.

X2.3.2 Table X2.1 includes results of single determinations X2.3.3 Table X2.2 includes results based on average of
using three of the different analytical methods. The methodshree determinations. Results from four of the different ana-
used were Split Loss on Ignition, Test Methods E 350, andytical methods are included. Methods used were Split Loss on
Combustion by Induction Furnace with Infra-Red Detection. Ignition, X-Ray Fluorescence Analysis, Induction furnace with
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Infra-Red Detection, and Thermo-Gravimetric Analysis. Test
Methods E 350 was not used in this series of tests.

For additional useful information on details of cement test methods, reference may be made to the “Manual of Cement Testing,”
which appears in Vol 04.01 of theAnnual Book of ASTM Standards.

ASTM International 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 International 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, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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