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1. Scope*

1.1 These test methods cover the chemical analyses of
hydraulic cements. Any test methods of demonstrated aceept-
able precision and bigs may be used for analysis of hydraulic
cements, including analyses for referee and certification
purposes, a5 explained in Section 4. Specific chemical test
miethods are provided for ease of reference Tor those desiring
wz them. They are grouped as Beference Test Methods and
Alternative Test Methods, The reference test methods are long
aevepted clossical chemical est methods which provide a
reasonably well-anegrated bosic scheme of analysis For hy-
draulic cements, The aliemative test methods generally provide
individual determination of specific analyres and may be used
alone or as alemates and determinations within the bhasic
scheime at the option of the analyst and as indicated in the
individual rmethisd.

1.2 Comerenis:
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1.3 The walues siated in 51 units are 0 be regarded as
standdard. Mo other units of measurement are included in this
standard.

L4 This srandard does Bor perport fo address all af the
sgfery concens, if any, assecided with fs owse. It i the
respemesibiliny of the wser of this srandard o establish appro-
priate safery, health, and emvironmenial praciices and deier-
nune fre applicatility of regulatory limiiaiions prior (o wse,

1.5 Thiz imernational standard was developed i gocor-
danee with imernationally recegrized principles on standard-
ization established in the Decision on Principles for the
Developanent af mternational Srandands, Grides and Recem-
mrendations ixsned by the World Trode Ovgonization Technical
Harriers fo Trade {THT) Committee,
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2, Referenced Documents

2.1 ASTM Standards:"

C25 Test Methods for Chemical Analvsis of Limestone,
Cuicklime, and Hydrated Lime

C219 Terminology Relating wo Hydraulic and Oiher Tnos-
ganic Cements

EX0 Practice for Using Significant Digits in Test Data o
Determine Conformance with Specifications

E275 Practice for Describing and Measuring Performance of
Ultraviolet and Visible Specirophotometers

E350 Test Methods for Chemical Analysis of Carbon Stecl,
Low-Alloy Seeel, Silicon Electrical Stecl, Ingot Iron, and
Wrought Iron

E6lT Specification for Laboratory Weighis and Precision
Mass Standands

E&32 Specification for Laboratory Filier Papers

3. Terminology

il Defivivions of Terms Specific to This Sandand—The
terms used in this standard are defined in Terminology C2190

3.2 Definitions;

321 analve, i—a substance of interest when performing a
quaniitative analysis.

320 Dhscussion—For the purposes of iy tesr method,
analytes are considered to be those items listed in column 1 of
Table 1.

3272 peagenr water, p—water purified by the process of
distillation, deionization, reverse osmosis, of any combination
of the three processes.

3220 distillation, n—ihe process of punfication by the
cvaporation and vaporization of water and its subscquent
condensation and collection.

3222 deionization, n—the process of purification using the
two-step process of converting soluble sulis into acids by
passing them through a hydrogen exchanger after which they
are removed by an acid absorbent or synthetic resin.

3.2.23 meverse osmosis, n—water purification technology
that uses a semipermeidble membrane 1o remove ions,
merlecules, and larger particles from drinking water.

3.2.3 waler {posable ), n—water that is suitable for drinking.

d. Description of Referee Analyses

4.1 Referee Anofyses—When conformance 1o chemical
specification requirements is guestioned, perform referee
analyses as described in 4.1.1. The reference test methods thag
follow in Sections 7 - 22, or other test methods gualified
according to 5.4, the Performance Reguivenienis for Rapid Test
Merthodds section, are required for referee analysis. A cement
shall not be rejected for failure to conform to chemical
requirements unless all determinations of constituents involved

* For referenced ASTM stendards, visw the ASTM websiie, wwoasimorg, o
combact ASTM Custosier Service s service @ astniorg. For Anonwal Fook of ASTH
Srandard's vodums: informanion, refer to the tandard"s Docusmeni Susmerery page on
the ANTM wehsine.
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TABLE 1 Maximum Parmissible Variations in Results®

|Cdumn 3}
Maxirmum
{Ceumn 2) Ciflarerss al
(TR ] tha
Eﬂy‘:ﬁ'] Dafterence Avempe of
Bctwoon Duniicates Irom
Duplcates® CAM
Cadilicals
L
Sy, (eilicon dioxih) 016 +{.2
AL, [aluminum cuida) 020 0.2
Fey 0, [ermic k) a.4a i
G fealoim s 020 #0.3
K (magnasiim axida) 018 a2
S0, [subur incaida) a1 +00.1
LI {ioss on ignition| a.1a +0.10
M) [sodim o) 0,03 +0.05
K,0 (potassium oxide| Q.03 +1. 06
TiCL, (tilanium diasde) 042 +{1.03
P, nhaephans pentaride) 03 +0:03
el (2 crmicha) 003 +{1 03
MOy [manganic gxifs) 03 +(1.03
5 (el aubur L] £
Cl {ehilndia) 0003 wL00S
IR {insolubla residiag) 010 E:
it Hre clcium asioe) a2 E
01, joarbon diawddiz) a1z £F
Ak, [wabce-solubie alkalj™ 0.75iw =
Chi,, {chicrolammesoluble organic 0,004 E

subsiEanCes |

A When seven CHM cemenis ane required, as Tor demansirating ihe perfomance
of apid 1est mathods, o least s of the saven shall b wihin the prescibed limils
and tha =eyenth shal difer by no mare than twice et valus, ¥When mors than
pvvany CRAMe are ussd, g2 lor demonsiealicg e peclomarce of mpid Deal
mathods, at kast 77 % shal ba within the prescribad lmits, and the remaindarn by
no maong than twics e valua, When A Wesar nomber of CAM camanls am
requinsd, all ol thie values shall be within the pesorbed Imiis.
¥ YWhee na valus appears in column 3, CR cemificate values do nof exist. in such
iaea, only the requinsment lor difanancss Bateaan duplicanes shall apphy,
© Intarslement coreciions. may Do vesd Tor ary cends alandadizalion provided
imprnved AccLFRcy can Be demonsiiated when the corecien & applied o &l
paan CRAM caiments,
"where an CAM cediliabe value incisdes a subscript rumbar, that subscri
number shall be treabed as a wald significant figurs.
© kol applicable. Mo cerilicats value guren,
F Damonsrale perlomrancs Dy analsis, in dupicale, of Al leesl one Porland
e, Prapara thias standards, apch in duplicate: Standand A shall ba sslaciad
Partland cament; Standand B shal ba Sandsed & containing 200 % Carifiad
I:-I.I'.".-I':l':I [such as MIST 915a); Sardard C shal b EI:InI:Ii.I'I:IAEDI‘H:.InH‘Ig 500 %
Certfied Cal0y, . Weigh and prepans two separale spscimens of each standard.
Azsign the GO, contert of Slandand A as the average of the two values
dalerninged, provided ey agres witkin the regquinsd Emil ol ailemn 2 Azaign GOy,
waliigs ¥ Standands B and C ab follows: Mulliply the Cerified Cal0y, valua ') for
GO, fram the carificate valua) by the masks acion of Cailied CaCl, acddad 10
that stardard |percentage acded divided Iy 1000 multiply T valus determined for
Standard A by the mass fracton of Standard &in each of the other standards (fhat
=, 080 and 095 for Slandards B and C, respectyely); add the two valuss for
Siandard A and lor Siandard B, respechealy. cal thees wvalues B and
Examipla
B = [LA8A + D02
L o= 0958 4 0057
Witwre for Canifed CaCidy, Y =389 %

B = 0004 + 080 % by mass.

o= QU354 + 200 % By mdes.

Miximum diferanca bataaan o duplicats GO waiues for Standands B and
reapacivaly, shall ba 017 % and 024 % by mass. Avarages of the duplcata
values for Standands B and G shall difer from ther assigned values (B and ) by
no more fren 10 % of those respecive assgned values.

G = weight, n grams, of ssmples used for the sl
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and all necessary separations prios w the determination of any
one consiituent are made entirely by these methods, When
reporting the resulis of referee amalyses, specily which test
methods were wsed,

4.1.1 Referee analyses shall be made in duplicate and the
analyses shull be made on different days. If the two results do
not agree within the permissible vanation given in Table 1, the
determination shall be repested until two or three results agree
within the permissible variation. When teo or three resulis do
agree within the permissible vanation, their average shall be
accepted as the correct value, When an average of cither two or
three results can be caleulated, the calculation shall be hased on
the three resulis. For the purpose of comparing analyses and
calculating the average of acceptable results, the percentages
shall be calculated to the nearest 0,01 (or QU0 in the case af
chloroforme-soluble organic substances), although some of the
average values are reporied 1o 0.1 as indicaied in the fess
methods, When a blank determination (see Mote 1) s specified,
one shall be made with esch individual analysis or with each
group of two or more samples analveed on the same day for a
given analyie,

Meme ==& hlank determination is a procedure which fllows all steps
ol analyss bl in the absence of a sample. 10 is wsed for delection asxd
compenstion ol syslematic b,

5. Qualification for Different Analyses

5.0 Certified Reference Moteriols—A Cerified Relerence
Matenial (CEM) must be wsed in the gualihcation of test
methods and analysts. Acceptable reference cements are MIST
CEMs, or other reference cements traceable to the MNIST
CEMs. The reference cement must have an assigned value for
the analvie being determined. Traceability consists of docou-
mentary evidence that the assigned values of the reference
cement are compatible with the certified values of NIST
CRMs. To demonsirate traceahility for a given analyie, per-
form a referee analysis (as defined in 4.1 on the proposed
reference cement, using a MIST CEM for demonstration of
precision amd accuracy, The reference cement is acceptable if
its assigned value agrees with the average referee value within
the limits given in column 3 of Table 1, IF the reference cement,
as supplied, has no documented guarantee of homogeneiny,
establish s homogeneiy by analyzing ol least six randomly
selected samples, Mo result shall devine from the assigned
value by more than the imits given in column 2 of Table 1, An
aeceptable reference cement must be accompanied by a docu-
ment showing the data produced in demonstrating irnceability
and homogeneity.

5.2 Reguirements for Qualificanion Tesiing—Qualified test
methods are required whenever festing is performed for the
following reasons: (1) for Referee analyses; (2) for analyses
intended for use as a basis for acceptance or rejection of a
cement; of, [F) for manufacturer’s certification. When Refer-
cnce Methods are used. gualification festing of the analyst is
required as described in 5.2.1. When Rapid Methods are used,
qualification testing of both the analyst and the test method are
required as descnibed in 5.2.1 and 5.4, Such demonstration may
b made concumently with analysis of the cement being tested.

The requirements lor qualification of a wst method and analyst
are summarized in Tahle 2,

5.2 Qualification of the analyst shall be demonsirated by
analysis of each analyie of concern using at least one CRM
cement in duplicate, no matter what test method is used (Mote
2} Duplicate samples shall be tested on different days, The
analysi is considered qualified when the difference between the
duplicate resulis does not vary by more than the value lisied in
column 2 of Table | and the average of the two samples agrees
with the certificate value of the CRM within the limits listed in
column 3 of Table | after comection for minor components
when needed. The same test methods (o be used for analysis of
cement being tested shall be used for analysis of the CEM
cement, If either of the two requirements listed above are not
miet, identity and correct any problems or errors found in the
procedurs, Repeat the determinations until o set of duplicate
results agree within the permissible variations, Begualification
of the analyst 15 required every Dwo veors,

Mote 2—When gualilymg a2 Baped Method wih seven CRMs in
pcpordance with 5.4.2, the analysi performing the qualificatson of the tes
methiod may simulanesisly quealify for the requirement of 5.2.1

522 Qualificaton data demonstrating that the same opera-
tor or analyst making the acceptance determination obamed
precise and accurate results with CEM cements in sccordance
with 5.2.1 zhall be made available on request o all paries
comcerned when there is a question of aceeptance of a cement.
If the CEM wsed is not a MNIST cement, the teaceability
documentation of the CRM used shall also ke made available
06 request,

53 Alrernarive Analvies—The aliernagive fest methods
provide, in some cases, procedures that are shorter or more
convenient o use for mouting defermination of cerain constif-
ents than are the reference test methods (Mote 3}, Longer, more
complex procedures, in some instances, have been retained as
alicmative test methods o permit comparison of resulis by
different procedures or for use when wnusoal materials are
being examined, where unuswal interferences may  he
suspected, o when unusual preparation for analysis is reguined.
Test resulis from alicmative test methods may be vsed as a
basi= tor pocepiance or rejection when it s clear that a cement
does or does nod meet the specification requirement.  Any
change in test method procedures from those procedures listed

TABLE 2 Minimuwm Number of CRMs Reguired Tor Qualilication of
Chemical Testing

Mlettod Ty

Rilaranse" Dihaar™
Equipmiant Qiuakhobon Mong 7
Anakysl Qualficstion™ 1 ]

4 Relecancs Mathods ars thase aulined in Sections 7 — 22,

B Thage may be any tasl method ai desoribed in 5.3, the Afemative Analsas
sochon, o amy rstrumamal of rapd iest medhod, which must Do gualifed in
apcordanca with 5.4, tha Foromnanoe Aoguvomants for Sapkd Tash Methods
mactian.

© Ench analyal pedaming aotepiarcs or ehrance anahwes must De quallied in
plecrdance wilh 521, he Perlaamance Mequiremens for Rapa Tasd Meibads
saction, Al B Trecpsancy ol two yaars IT gualification of tha instrumant s complaiaed
by a single analysl, the analysl has demorsiraded indiidual quallications por
5.2.1.
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in Sections 7 - M) requires method qualification in aceordance
with 5.4, the Perfbrumance Bequorements for Rapid Test Merk-
il RECTIoN.

Mome 35— is not indemded thar the gse of refercnce test methods be
comfined 1o referes analvsis, A& reference est methoed moy be used in
preference 1o an aliemative test method when so desired, A reference esi
methed mast he used where an alternative test method is not provided.

5.5 1 Duplicate analyses and blank determinations ane not
requircd when using the aliernative test methods, IF, howewver,
a blank determination is desired for an aliemative test method,
one may be used and it need not have been obiained concur-
rently with the analysis. The final resulis, when comected for
blank valwes, should. in either case, be so designated.

5.4 Performance Requirements for Rapid Test Methods*

S0 Defirurion and Scope—Where analytical daia obtained
in accordance with this test method are reguired. any test
method may be used that meets the requirements of 5.4.2, the
Cealification of a Test Wethod section. A test method 15
considered 0 consist of the specific procedures, reagents,
supplies, egquipment. instroment, and so forth, selected and
used in 4 consistent manner by a specific laboratory. See Mote
4 for examples of procedunes,

Mok d—Evumphes of pest methids wed successliully by their authors
for amalysis of hydraulic cement are given in the he ol nelememoes,
Tescluked are st methods iwsing aromic absonprion X-ray spectromeary and
specimaphalameiry-EDTA.

5401 I more than one instrument, even though substan-
tally identical, 1= vsed in a specific laborawry Tor the same
analyses, use of each instrument shall constifule a separate test
method and each must be qualified separately.

5.4.2 Qualification of o Test Method—Prior 0 use for
analysis of hydraulic cement, each test method (see 5.4.1 ) must
be qualified individually for such analysis, Qualification data,
or if applicable. regualification data, shall be made available
pursuant to the Manofacturer's Cerification section of the
appropriate hydravlic cement specification.

5.4.2.1 Using the test method chosen, make single determi-
nations for each analyie under consideration on at least seven
CEM samples. Requirements for o CEM are listed in 5.1, the
Certified Reference Material section, Complete two rounds of
tests on different davs repeating all steps of sample prepara-
tions, Calculate the differences between values and averages of
the values from the two rounds of tests,

54.2.2 When seven CEMs are used in the qualification
procedure, ol Jeast six of the seven dilferences belween
duplicates obtained of any =inghe omalyie shall not exceed the
Iimits shown in column 2 of Table 1 and the remaining
differences by oo more than twice that value, When more than
seven CRMs are used, the values for al least 77 % of the
samples shall be within the prescribed limits, while the values
for the remainder shall differ by no more than twice that value,

(hebhardk, K. F. "Rapid Methods for Chemical Aralysis of Hydranlic Cemen,”
ANTM TP YRS, 1WH.

Barger, 4. 5., "A Fusion Method for the X-Bay Floorescomce Analysis of
Poriland Cemenes, Clinker and Raw Matenals Uiilizing Cerium (1%) Oxide in
Lithium Borse Fluses,” Proceedings of the Thiny Founh Annusl Coaferece on
Applications of X-Ray Analvas, Demver Conference, Volume 29 pp. 581-535,
Augex 5, [9ES

5423 For esch analyvie and each CEM, the average ob-
tained shall be compared w the centified concentrations, Where
a certificate value includes a subscript nuimber, that subseript
shall be assumed o be a significant pumber. When seven
CREMs are used in the qualification procedure, at least six of the
seven averages for each analyte shall not differ from the
certified comcentrations by more than the value shown in
column 3 of Table 1, and the remaining average by more than
twice that valwe. When more than seven CRMs are used in the
qualification procedure, at least 77 9% of the averages for cach
analyie shall not differ from the certified concenirations by
miore than the value shown in column 3 of Table 1, and the
remuining average(s) by more than twice that value.

54,24 The standardization, if needed, used for gqualification
amd for analysis of each constituent shall be determined by
valid curve-fitting procedures. A poini-to-point, saw-tooth
curve that is arificially made to fit @ set of data points does not
constitute a valid curve-ftting procedure. A complex polyno-
mial drawn through the points is similarly not valid. For the
same reason, cmpirical inter-clement comections may be used,
only if = (N - 3) /2 are employed, where N is the number of
different standards wvsed. The qualification testing shall be
conducted with specimens newly prepared from scraich, in-
cluding all the preparation stages applicable for analysis of an
unknown sample, and employving the reagents currently in use
for unknown analyses,

54.3 Parral Resilts—Test Methods that provide accepiahle
resulis for some analytes but not for others may be used only
for those analyies for which accepiable resulis are obiained.

344 Hepont of Besalis—When performing chemical analy-
sis and reporting results for Manufacturer’s Certification, the
type of method (Reference or Rapid) and the test method used
along with any supporting qualification festing shall be avail-
able on reguesi.

545 Rejection of Moterial—5ee 4.1, the Referee Analvses
section, and 5.3, the Alrernative Analvses section.

546 Regualification of a Test Methoa:

5461 Requalification of a test method shall be required
upon receipt of substantial evidence that the est method may
nod he providing data in accordance with Table | for one or
more constiteents. Such requalification may be limited o those
constitwents indicated to be in error and shall be carried out
prior to further wse of the method for analysis of those
constituents.

54.6.2 Substanual evidence that o test method may nod be
providing data in accordance with Table | shall be considered
o have been received when a laboratory s informed that
analysiz of the same material by Reference Test Methods run in
accordance with 4.1, 1, the final average of a CCRL sample, a
certificate value of an MIST CEM, the assigned value of an
alicrmate CRM., or an accepted value of a known secondary
standard differs from the value obtained by the test method in
question by more than twice the value shown in column 2 of
Table | for one or more constituents. When indirect test
methods are involved, as when a value is obtained by
difference, comrections shall be made for minor constituents in
order to put anealyses on o comparable basis prior o determin-
ing the differences. For any constituents affected, a test method
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also shall be requalified after any substantial repair or replace-
ment of one or more critical components of an instrument
essential 1 the fest method.

5.4.0.3 If an instrument of piece of equipment is replaced,
even if by one of identical make or model, or is significantly
modified, a previously qualified rest method using such new or
modified instrument or equipment shall be considered a new
method and must be qualified in accordance with 5.4.2

547 Precision and Bigs—Ditferent analytical test methods
are subject to individwal limits of precision and bias. It is the
responsibility of the vuser to demonsiraie that the iest methods
u=ed at least meet the hmits of precision and bias shown in
Tuble 1.

. Creneral

b1 Inierferences amd Linianions:

G101 These test methods were developed primarily for the
analysis of ponland cements, However, except for limitations
noted in the procedure for specific constituents, the reference
iest methods provide for accurate analyses of other hydraulic
cements that are completely decomposed by hydrochlone acid,
of where a preliminary sodium carbonate fusion is made to
cnsure complede solubility. Some of the aliemative test meth-
ods may not always provede accuriie results because of
interferences trom elements which are not removed dunng the

procedure.

More S—Imstramental analyses can wsually detect only the ebemen
sought. Therelore, 1o avoid coniroversy, the actual procedun: used Tor the
clemental smalyvses shoubd be nosed when sciual differences with reference
procedurs can exis For examiple, POy and Tl are included with
Al im the usual wed test method and sulfide sulfur is inchaded in most
instrumerdanl procedures with S0,

01,2 When using a test method thar determines total sulfur,
such as most instromental test methods, sulfide sulfur will be
determined with sulfate and included as such, In most hydrau-
lic cements, the difference resulting from such inclusion will be
insignificant, less than (L5 weight %. In some cases, nogably
slags and slag-comtaining cements but sometimes other ce-
menis as well, significant levels of sulfide may be present. In
such cases, especially if there is a guestion of mecting or not
mecting a specihcation hmit or when the most accurate results
are desired, analytcal test methods shall be chosen =0 that
sulfute and sulfide can be reporied separately.

6.1.2.1 Where desired, when uvsing instrumental test meth-
oids for sulfuie determination, if sulfide has been determined
separately, correct the ol sulfur results fexpressed as an
oxide) in accordance with the following calculation;

S =5 .- (2557 i1
wihere:
S0y = sulfur trioxide excluding sufide sulfur,
S = Iofal sulfur in the sample, expressed as the oxide,
from instrumental resulis,
25 = molecular matio of 305 25 w express sullur as S0,
anil
& = sulfide sullur present.

6.2 Apparans and Materials:
.21 Halonoe—The analytical bolance u=sed in the chemical
determinations shall conform o the following reguirements:

6.2 1.1 The balance shall be capable of reproducing resulis
within 00002 g with an accurscy of 20002 g, Direct-reading
balances shall have o sensiivity ool excesding 00001 g (Mo
6}, Conventional two-pan balances shall have a maximum
sensibility reciprocal of U003 g Any rapid weighing device
that may be provided, such os a chain, domped motion, or
heavy riders, shall not increase the basic macouracy by more
than OUED ] 2 ot any reading and with any loead within the rated
capacity of the balance.

Mo G=The sensilivity of a direct-reading balance is the weight
reqquired o change the reading one graduation. The sensibility reciprocal
for a convemtional halance is defined as the change in weight required on
either pan 1o change the position of equilibiium one division on the pointer
scale al capacity or at any lesser lead.

0.2.2 Weighie—Weights used for analysis shall conform to
Types 1 or I1, Grades 5 or O, Classes 1, 2, or 3 as described in
Specification EGIT, They shall be checked at least once a year,
or when questioned, and adjusted ot least o within allowable
toberomees for Class 3 weighits (Mote 71 For this purpose each
laboratory =hall also muntan, or hove avalable for vse, a
reference sel of standard weights from 50 g w 10 mg, which
shall conform at least o Class 3 requirements and be calibrated
at intervals not exceeding five years by the Mational Institute of
Standards and Technology {(MIST) After initial calibrateon,
recalibration by the MNIST may be waived provided it can be
shown by documented data obtained within the tme interval
spocificd that a weight comparison between summations of
smaller weights and a single larger weight nominally eqgual o
thiat surnmation, cstablishes that the allowable tolerances have
nik been exceeded. All new seis of weighis purchased shall
have the weights of | g and larger made of stainkess sieel or
other comosion-resisting alloy nol requiring profective coating,
andd shall meet the density requirements for Crades 5 or (0,

More T—The sclemific supply houses do not presently lsa weighis as
megting Specificarion E&1T, They list welghts as mecting NIST or QML
seandands. The situavion with regard o welghis is in o sae of fux becaoss
of the wend sewsnd imernationalizaion. Hopefolly this will soon be
resnlvid,

MIST Classes 5 and 5-1 and OIML Class F, weights mect the
regquiremienis of this standard,

6,23 Glassware and  Laboratory. Comtainers—Standard
vidumetric fasks, burets, and pipets should be of precizon
grade or better. Standard-taper, mterchongeable, ground-glass
joints are recommended for all volumeric glassware and
distilling apparatus, when available, Wherever applicable, the
use of special types of glassware, such as colored glass for the
protection of solutions against light, alkali-resistant glass, and
high-silica glass having exceptional resistance to thermal shock
is recomimended, Polvethylene containers are recomimended
for all aquesus solutions of alkalies and for standard solutions
where the presence of dissolved silica or alkali from the glass
wiould be objectionable. Such containers shall be made of
high-density polyethylene having a wall thickness of at least
I o,

624 Desicearors—Desiceators shall be provided with a
good desiccant, such ns magnesium perchlorate, activated
aluming, or sulfuric acid. Anhvdrous calcium sulfate may also
be wsed provided it has been treated with a color-change
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indicatar o show when it has lost its effectiveness. Calcium
chioride is not a satisfactory desiceant for this ivpe of analysis,

6.2.53 Filier Paper—Filter paper shall conform to the re-
quirements of Specification ER3Z, Type I, Quantitative, When
coarse-lextured paper is required, Class E paper shall be used,
when medinm-texmred paper is required, Class F paper shall
bz used, and when retentive paper is required, Class G shall be
used.

6.2.6 Crucibles:

6.2.60.1 Plaringm Crucibles for ordinary chemical analysis
should peeferably be made of pure unalloyed platinum and be
of 15 mL to 30 mL capacity. Where alloved platinum 15 used
for greater stiffness or o obviate sticking of crucible and lid,
the alloyed plotinum should ot decrease in weight by more
than 0.2 mg when heated at 1200 °C for 1 h.

6.2.6.2 Porcelain Crucibles, plazed inside and out, except
putside bowom and cimoof 5 mLow 10 mL copacity.

0. 2.7 Muffe Fumoce—The muffle Turnace shall be capable
of operation at the wemperatures required and shall bave an
indicoting pyrometer accurate within 225 °C, az comected, if
necessary, by calibration, More than one Turnoce may be used
provided esch is wsed within s proper operating lemperaturs
range.

0.3 Reagenis:

.30 Purity of Reagents—Beagent grade chemicals shall be
wsed in all tesis. Unless otherwise indicated, it is intended tha
all reagents shall conform 1o the specifications of the Cominit-
tee on Analytical Reagents of the Amercan Chemical Sociery,
where such specifications are available.” Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

632 Use reagent water as defined in 53.2.2 for all tesis.

633 Concentraiion of Reagenis:

63351 Prepackaged Reagenti—Commercial prepackaged
standard solutions or diluted prepackaged concentrutions of a
reagent may be used whenever that reagent is called for in the
procedures provided that the punity and concentrations are s
specified. Verify purity and concentration of such reagenis by
suitable tests,

6.3.3.2 Concentrated Acids and Ammoninm Hyvdrozide—
When acwds and ammonium hydroside are specified by name
or chermical formula, 1t shall be understood thal concentrated
reagents of the following approximote specific gravities or
concentrations by weight are intended:

Aialic acd (HCH, L) SIS %
Hydeachiore ackd (HE) ap g 119
Hydeathinnc acd (HF) 48 %
Blivic ackd (HHNGL,) apoF 142
Frosphonc acid [H PO, B5 %
Sullunic acid (M50, | spor 184
Ammonium ydeaxoe {HHOH| sp gr oS0

TACE Reogenr Chevsdoads, Spteifcations and Mrecedunes for Reagennd ol
Seandurd-Grade Refermmce Maverinly, Asncan Chemical Socicty, Wishington,
DC. For suggestons on the iesting of reagenis mat Bsied by the Amencan Chemical
Sociay, see Aialar Standaray for Labonasory Ohessdonls, BIH Led., Foole, Dorse,
LK. amd the Uleiied Stader Phormecopeir and Nafonal Formudory, LS Pharma-
vopeisl Comvention, Inc. (USPCL Rockville, MDD

0.3,3.3 The desired specific gravities or concentrations of all
other concentrated acids shall be stated whenever they are
specified,

034 lwed Acids and Ammonium Hvdroxide—
Concemtrations of diluted acids and ammonium hydroxide,
except when standardized, are specified as a ratio stating the
number of volumes of the concentrated reagent to be added o
a given number of volumes of water, for example: HCL (1+99%
means | volume of concentrated HC (sp gr 1.19) added o 9949
volumes of water.

6.3.5 Standard Solufions—Concentrations of standard solu-
tions shall be expressed as normalities (V) or os equivalents in
grams per millilitre of the analyte to be determined, for
example: .1 & Nuo,5.00 solution or K,Crald; {1 mL = 0,004 &
Fe,(3;). The average of ot least three determinotions shall be
used for all standardizations. When o material 15 used a5 a
primary standard, reference has penerally been made w the
stamdard furmished by MIST. However, when pomary standard
grade materials are otherwise avarlable they may be wsed or the
purity of a salt may be determined by suitable wesis,

6.3.6 Nonstandardized Sofusions—Concentrations of non-
standardized solutions prepared by dissolving a given weight
of the solid reagent in a solvent shall be specified in grams of
the reagent per litre of solution, and it shall be understood that
water is the solvent unless otherwise specified, for example:
MalH solution (10 /L) means 10 g of MaOH dissolved in
water and diluted with water to | L. Other nonstandardized
solutions may be specified by name only, and the concentration
of such solutions will be governed by the instructions for their
preparation.

6.3.7 Tndicator Solutions:

6.3.7.1 Merfivl Red—Prepare the solution on the basis of 2 g
of methyl red/L of 95 % ethyl akcohol.

6.3.7.2 Phenolpliihalein—Prepare the solution on the basis
of 1 g of phenolphthalein/L of 95 % ethyl alcohol.

6.4 Sample Preparation:
6.4.1 Before testing, pass representative portions of each
sample through o Moo 200 (850 pm) skeve, or any other sieve

TABLE 3 Rounding of Reported Resulis

Arahyla
Sk, (silvon dioxics)
AlDl AL o)
Féu O {larric: cuida)
Cad (calkdum caide)
Mgl (magnesium caida)
EI:I-_| |subur ricaida)
Lol fioss on igniton)
P (=mchium cowide)
K,O |potassam aaode’)
Sk [alnarvlms duide)
TiCL, (litanirn diaeida)
Py [pheiphonous penlises)
el (zing i)
Mo, (mangank: cxida}
5 [autck suifur)
1 [chianida)
IR firsodubihs reskdun
FL i oale b owidha)
b, (carbon dioxde)
Wimsr-solubbe Alkak
Chinrofcrm-soluble Crganic Substances

mm—-srauuuummmmm—-ru-s-su....g
=
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having approximately 20 openings/l in., in order o mix the
sample, break up lumps, and remove foreign materials, Discard
the foreign materials and hardened lumps that do not break up
on sieving or brushing,

6.4.2 By means of a sample splitter or by guaricring, the
representative sample shall be reduced to o laborwtory sumple
of at least 50 g Where larger quantitics are reguired for
additional determinations such as water-soluble  alkali,
chloride, duplicate testing, and so forth, prepare a sample of at
least 1D g

0.4.3 Pass the laboratory sample through a LLS, Mo, [0
sieve (sieve opening of 150 pm), Further grind the sieve
residug o that it also passes the Mo, 100 sieve, Homogenize
the entire sample by again passing it through the sieve,

G444 Transfer the sample to a clean, dry, glass coniainer
with an airtight lid and further mix the sample thoroughly.

.45 Expedite the above procedure soo that the sample 15
exposed o the atmosphere for o minimum Gme,

0.5 General Procedires:

0.5, 1 Weiphing—The calculations included in the individusal
icsl methods assume that the exact weight specified has heen
used. Accuraiely weighed samples, that are approximately but
not exactly equal o the weight specified, may be used provided
appropriaie corrections are made in the calculations. Unless
otherwise stated, weights of all samples and residues should be
recorded to the nearest (LXK g,

0.5.2 Tored or Weighed Crucibles—The tare weight of
crucibles shall be detenmined by preheatng the empty crocible
o constoml weight at the some temperaure and under the same
conditions oz shall be wsed for the Gnal sgnition of o ressdue and
coding in a desweeator for the same period of tme used for the
crucible containing the residue,

0.5 3 Covisneey of Werghe of Tenired Residues—To  defi-
nitely estahlish the constancy of weight of an ignited residue
for referce purposes, the residue shall be ignited at the specified
temperature and for the specified time, conled 0 room tem-
perature in a desiccator, and weighed, The residue shall then be
reheated for at least 30 min, cooled to room temperaiure inoa
desiccator, and reweighed. IF the two weights do not differ by
more than 1.2 mg, constant weight 15 considered 1o have been
attained. If the difference in weighis = greater than (02 mg,
additional ignition periods are reguired until two consecutive
welghis agree within the specified limits. For ignition loss,
ciach reheating penod shall be 5 min.

.54 Welarilization of Platinem—The possibility of volanl-
ieation of platinum or alloving constiwents from the crucibles
miust be considered, On reheating, if the crucible and residue
Iose the same weight (within 0,2 mg)h as the crucible containing
the bank, constant weight can be assumed, Crucibles of the
saime size, composition, and history shall be used for both the
sample and the blank,

6.5.5 Calewlanion—In all operations on a set of observed
values such as manual muoltiplication or division, retain the
equivalent of at beast two more places of figures than in the
single observed values, For example, if observed values are
read or determined o the nearest (L1 mg, carry numbers to the
nearest (KO0 mg in calculation. When using electronic calou-

latprs or computers for calculations, perform no rounding,
except in the final reported value,

0.5.6 Rownding Fignees—Rounding of figures 1o the number
of significant places required in the report should be done after
calculations are completed, in order (o keep the final resulis
substantially free of calculation errors, The rounding procedure
should follow the principle outlined in Practice E29.% In
assessing analyst- and method-gualification in accordance with
Section 4, the individoal duplicate resolis, the difference
between them, the average of duplicates on CRMs, and the
difference of this average from the certificate value shall be lefi
un-rounded for comparizon with the required limits, Rownd
results for reporting as shown in Tabhle 3.

Mo BThe rounding procedure refemed o in f.5.6, in effect, drops
all digits bevond the sumber of places 10 b netaimed 1f the nest ligure is
le=a than 5. It is more than 5, o equal o 5 and subseguent places oomtain
a digit caher than 0, then the last reiained digii is increased by one, When
the nexn digin is equal 1w 5 and all other subsequent digins are 0, the last
digit #n he retained is unchanged when it is even ond increased by one
wheen il is oald. For example 3,56 (300 remains 396 b 3,95 (300 becomes
196,

6.6 Recommended Order for Reporting Analvses—The fol-
lowing order is recommended for reporting the resulis of
chemical analysis of hydraulic cement:

40, (siloon dicorida )

A0, {aluminum o)
Fe,0. dleme cuida)

Cal jcakium oxida)

Mgl (magresium owide)
S0, (aulur Iraxide)

Larga oy igralian

MDD (aodum omida)

D [potassism axida)
Tk e i chieicha)

PyDy, {phosphons pentoaida)
20 (zino owde)

WinyOy, imanganic mee)
Suitide subr

In=nluble residue

Fress calcium oxide

GO, |Carbon Diowe|
Wialar-aable kel
Chrglorm—aaluble crganic aubalanpas

REFERENCE TEST METHODS

7. Insoluble Residue (Reference Test Method)

Tl Swenmarry af Tess Methed:

T Inothas test method, insoluble residue of a cement 15
determined by digestion of the sample i hydrochlone acid
followed, alter filteaton, by furher digestion in sodiom hy-
drossde, The resulting residue 15 ignited and weighed (Mode 9)

More U—This st method, oF any ather wes method designed for the
cstimation of an aeid-inseluble sobsiapce inoany wwpe of cement, s
cmipirical becanse the amonnt ohiained depends on the meagenis and the
timee ared temperature of digestion. I the amoant is large, there may be a
litle wamation in duplicate determinaiioes. The procedure should be

“EBer ako the ASTM Mowws! on Prevemiation of Dom omnd Cewtrod Chard
Amwlysiz, STP 150, 197,
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followed closely in order 0 reduce the varistion we o mimimom.

.12 When this test method 15 used on Blended cement, the
decomposition in acid 1= considered w be complete when the
portland-cement clinker i decomposed completely, An ammao-
miwm nitrake =olution 15 wsed in the final washing w prevent
finely-ground insoluble maerial from passing through the filier
paper.

1.2 Reagenis:

T.2.0 Ammaninm Nitrate Sofurion (20 o NH MO L

T.22 Sodivm Hyvdroxide Solurion (10 g NaOHL ).

1.3 Prwedure:

T30 To | g of the sample (Mot 10) add 25 mL of cold
water, Disperse the cement in the water and while swirling the
mixiure, quickly add § ml of HCL IF necessary, warm the
solution genily, and grind the material with the Aatiened end of
a glass rod for a few minotes unil it is evident that decompo-
sition of the cement is complete (Note 11} Next, diluie ihe
solution to 30 mL with hot water {nearly boiling) and heat the
covercd mixture rapidly o near boiling by means of a
high-temperature hot plate. Then, using the hot plate, digest the
covered mixture for 15 min at o temperature just below boiling,
Filter the solution through o mediom-textured paper into a
AWl mlL besker and wash the beaker, paper, and residue
thoroughly with hot water, If desired. reserve the filtrate for the
sulfur trioxsde determination (Note 121 Tromsfer the Gler
paper and contents o the original beaker, =afely add vp w
100 mL of bt (near bodbing) MaOH soluton (00 g/L), and
macerale the filer poper wsing o glass rod, Aler maceration,
add any remaining MaOH solution o oodal 100 mL and procesd
o digest coverad mixtore ol o temperaiure just below boiling
for 15 min. During the digestion, occasionally stir the mixire,
Acidify the solution with HCT using methy] red or bromocresol
purple as the indicaior and add an excess of 4 or § drops of
HCI. Filer through medivm-textured paper and wash the
residue af least 14 times with hot NH, MOy solution (290 271.)
making certain to wash the entire filter paper and contents
during each washing. 3lowly char and ignite or cover and
ignite residue in a weighed platinum or porcelain crucible a
S C o 1000 °C, cool in a desiccator, and weigh,

Mome 10— sulfur frioxide is io be determined by orbidimetry i is
permissible o determine the insoluble residse an a 0.5 g sample, In this
evenl, the percentage of insoluble residue should be calculated W the
mearest (LU by multiplying the weight of residoe obtaimed by 2060
Hovwever, the comenl should ol be repected Tor Gailure 10 meet the
msilubde residue reguirement undess a 1 g samiphe has been used.

More 11— a sample of portland cement contains an appreciable
ol of ranganes axnle, there may be brown aompoumds of manganese
which dissolve sbeady in cold dilursd HCT ban rapidly in kot HCL in the
specified smength,

Mome | 2—If continuing with the sulfur ieexide desermination de-
scribed in Section |7, contimue @, “Diluse the Alese o 250 mlL and hes
oy bailimg™ (17,12, 01

132 Blank—Make o blank dewrmination, [ollowing the
same procedure and wsing the same amounts of reagents, and
correct the results obtaned in the analysis sccordingly,

T4 Calewlofion—Calculnte the percentage of the insoluble

residue to the nearest (.01 by multiplving the weight in grams
of the residue (corrected for the blank) by 100,

B, Silicon Dioxide (Reference Test Method)

Bl Selection of Test Method—For cements other than port-
landd and Tfor which the insoluble residue 15 unknown, determine
the inzcluble resadue in accordance with Section 7 of these Lest
miethods, For portland cements omd other cements having om
inspduble residue less than 1 %, proceed in accordance with
8.2, For cements having an insoluble residue greater than | %
proceed in accordance with 8.3,

B.2 Silicon Dioxide in Portland Cements and Cements with
Low Insofuble Residwe:

B2 Summnory of Test Method—In this test method silwon
diosade (5000 15 determined  gravimemcally, Ammonium
chilorde 1= added and the solution 15 nol evaporated w drvness,
This test method was developed primanily for hydeaulic ce-
ments that are alimost completely decomposed by hydrochloric
acid and should not be wsed for hydraulic cements that contain
large amounts of acid-insoluble material and require a prelimi-
nary sodium carhonate fusion. For such cements, or if pre-
scribed in the standard specification for the cement being
analyzed, the more lengthy procedure in 5.3 shall be used.

812 Reagenr—Ammaonium chlonde (NH O,

8.2.3 Procedire:

8.2.3.1 Mix thoroughly 0.5 g of the sample and about 0,5 g
of MH,CT in & 30 ml. beaker, cover the beaker with a watch
glass, and add cautiously 3 mL of HCI, allowing the acid o min
down the lip of the covered beaker, After the chemical action
has subsided, Tift the cover, add | or 2 drops of HMNC, st the
mixture with a glass rod, replace the cover, and set the beaker
on 4 steam bath for 30 min {Moie 13} During this time of
digestion, stir the contents occasionally and break up any
remaining lumps to facilitate the complete decomposition of
the cement. Fit a medivm-textured filter paper o a funnel,
transfer the jelly-like mass of silicic acid to the flier as
completely s possible without dilution. and allow the solution
to druin throwgh. Scrub the beaker with a policeman and ninse
the beaker and policeman with hot HCL (1+5945%), Wash the filter
two or three times with hot HCL (14949 and then with ten or
twelve small portions of hot water, allowing exch portion o
drain through completely, Beserve the filrate and woshings for
the determination of the ammomium hydrossde group (Mol
14,

Mot 13—A hol plate may be wed instesd of a speam bath ol the hea
is 40 rezulated as o approximate thal of o stean bath

Upcler conditiens whene water badls ar a lower wemperature tham an sca
lewel: such os @ higher elevations, 30 min may noa be sufficiem o recover
nll of the silicn, In such cuses, increase the time of digestion as necessary
i gl compleie recovery of the silica. In no case should this time exceed
B0 min.

Mo [de—Determine the ammoniom hydroxide groop in accordance
wilh the procedure described in %1 - 9.3,

8.2,3.2 Transfer the filier paper and residue o a weighed
platinum crucible, dry, and ignite. st first slowly until the
carbon of the paper is completely consumed without inAaming,
and finally at 1000 °C to 1200 °C for | h. Cool in & desiccator
and weigh, Reignite to constant weight. Treat the 50, thus
obtained, which will contain small amounts of impuaritics, in
the crucible with | mL or 2 mL of water, 2 drops of H.50,
(141), and about 10 mL of HE, and evaporate cautiously to
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dryness. Finally, heat the small residue at 1050 °C w 1100 "C
for 5 min, cool in a desiccator, and weigh, The difference
between this weight and the weight previously obtained
represents the weight of 50, Consider the weighed residue
remaining after the volatilization of 505 as combined alwimni-
nwim and ferric oxides and add it to the result obtained in the
determination of the ammoniom hydroxide group.

8233 If the HF residue excecds U200 g, the silica
determination shall be repeated, steps should be token o ensure
complete decomposition of the sample before a silica separa-
tion is attempied. and the balance of the analysis (ammonium
hydroside group, Cal), and Mg determined on the new silica
filtate provided the pew silca determination hos a HF residue
of O g oor less except as provided in 8.2.3.4 and 3.2.3.5,

8.2.34 If two or three repeated determinations of a sample
of portland cement consistently show HF residues higher than
020 g, this is evidence that contamination has occumed in
sampling or the cement has nof been bumed properly during
manufacture. In such a case, do not fuse the large HF residue
with pyrosulfate for subsequent addition to the filirsie from the
silica separation. Instead, report the value obtained for the HF
residue. Do not ignite the ammonium hydroside group in the
crucible containing this abnormally large HF residuce.

4. 2.55 In the anolysis of cements other than portland, it may
not always be possible to obtwin HE residues under G000 g,
In such cases, add 0.5 g of sodivm or potassiom pyrosul e
(M50 or K500 1o the crucible and heat below red heat
until the small residue of impurities 15 dissolved o the mel
(Meste 153, Cool, dissolve the fused mass imowater, and add it o
the filtrate and washings reserved for the determination of the
ammuomium hydroside group,

Mome 13—aA supply of monspatiering pyrosulfoe may be prepaned by
heading some pyrosalfate in oa plotinem vessel bhelow red bhem angil the
framing and spatiering cense, cooding, and cnashing the fused mass.

5.2.3.6 Blank—Make a blank determination, following the
same procedure and using the same amounis of reagents. and
correct the results obtained in the analysis accordingly.

4.2.4 Caolewlation—Calculate the percentage of Sitk, by
multiplying the mass in grams of 50, by 200 {100 divided by
the mass (see 8.2.5.1) or equivalent mass (see £.3.2.1) of the
sample u=sed (L5 o)), Bound in accordance with Table 3.

3.3 Sificon hoxide in Cements with fnsolutile  Besidue
Crreater Than T %0:

B30 Swmmrary of Test Method—This west method = based
on the sodiom corbonate Tusion followed by double evapora-
ton o dryness of the hydrochlons acud soluton of the Tusion
product o convert silicon dioxide (51050 w the msoluble form,
The =olution 15 Glered and the insoluble sibceows residue 15
ignited and weighed, Silicon dioxide is volatilized by hydro-
fluorie acid and the loss of weight is reported as pure 5i0),.

8.3.2 Provedure:

8.3.2.1 Weigh a quantity of the ignited sample equivalent to
(.5 g of the as-reccived sample caleulated as follows:

W= [05] IHN = F} ]V 100 i2)
where;
W= weight of ignited =ample, g and

F o= loss of ignition, %,

The ignited maoterial from the loss on ignition determimation
may be used tor the sample. Thoroughly mix the somple with
4 g tob g of Mo, U0, by grinding in an agate mortar. Place a
thin laver of MNa 00, on the botom of o platnem crucible of
20mL 1w 30 mL copacity, add the cement-Ma OO0, mixiore,
amd cover the mixture with o thin Taver of Ma, OO0, Place the
covered crocible over a moderately low Dame and increase the
flame grodually 1w o maximum fapprosimately 1100 °Ch and
maintain this emperature until the mass is quiescent (about
45 min}. Remowve the bumer, lay aside the cover of the
crucible, grasp the crucible with tongs, and slowly rodate the
crucible so that the molien contents spread over the sides and
soliclify as a thin shell on the interior. Set the crucible and cover
aside to cool. Rinse off the outside of the crucible and place the
crucible on its side in a 300 mL casserole about one third full
of water. Warm the casserole and stir until the cake in the
crucihle dizintegrates and can be removed easily. By means of
a glass rod, lift the crucible out of the liquid, rinsing it
thoroughly with water. Rinse the cover and crucible with HCI
(143); then add the nnse to the casserole. Wery slowly and
cautiously add 20mL of HCI (sp gr 119 o the coversd
cassercle. Remove the cover amd ninse. If any gritty particles
gre present, the fusion is incomplete and the test must be
repeted, using a new sample. Warning—Subsequent steps of
the ezt method must be followed exoctly for sccurate resulis,

8322 Evaporate the solution o drvness on o steam bath
(there 15 no longer o gelatnous appearance), Without heating
the residue any Turther, treat ot with 5 mL o 10 mL of HCL, wait
ol besast 2 min, omed then add an equal amount of water. Cover
the dizh and digest for 10 min on the stean bath or a hot plae.,
Dvilure the solution with an equal volume of hot water,
imimediately filter through medium-texiured paper and wash
the separated 50, thoroughly with kot HCT (1499, then with
hiot water. Reserve the residue.

B.3.2.3 Again evaporate the filivate 1o dryness, and bake the
residue in an oven for | hat 105 2C to 110 "C, Cool, add 10 ml.
to 15 mL of HCI (1+1), and digest on the steam bath or hot
plate for 100 min. Diluie with an equal volume of water, filier
immediately on a fresh filter paper, and wash the small 5i0.,
residue thoroughly as described in 85.3.2.2, Siir the fAlirate and
washings and reserve for the determination of the ammonium
hydmxide group in accordance waith 9.1 — 9.3,

8324 Continue the determination of silicon dioxide in
accordance with 5.2.3.2,

. Ammonium Hydroxide Groap (Reference Test Metlhod)

Q.1 Summary af Tesr Method—In this test method
aluminum, iron, titaniom, and phosphorus are precipitabed
from the filirate, afier 50, removal, by means of ammoniwm
hydroxide. With care, little if any manganese will be precipi-
tated. The precipitate is ignited and weighed as the oxides.

0.2 Procedire!

021 To the filtrate reserved in accordance with 5.2.3.1
(Mote 16) which should have a volume of about 200 mL., add
HCT if necessary to ensure a totad of 0 mL o 15 mL of the
acid. Add o few drops of methyl red indicator and heat to
boiling. Then treat with NHOH (1+1) (Mote 17}, dropwise
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il the color of the solution becomes distinctly vellow, and
add one deop in excess (Mowe 18), Heat the solution containing
the precipitate w boiling and bodl for 50 5 w60 & Tn the event
difficulty from bumping is experienced while boiling the
ammoniacal solution, a digestion period of 1 min on a steam
bath, or on a hot plate having the approximate temperature of
a steam bath, may be substituied for the 50 = o 605 boiling
period. Allow the precipitate @0 setile (not moee than 5 min)
and filier using medivm-texiured paper {(Mobe 19). Wash, with
hot ammenivm nitrate (NH,MNO,, 20 g/L) (Mote 200, iwice for
a small precipitate to about four times for a large ome.

Mome 16—If n platiom evapomting dish hes been wsed Tor the
dehydration of 5i(),. iron may have been pariially reduced. At this stage,
ikl aboul 3 mbL ol samated bromane water w0 the Dlcrate aod boil the
filtrabe o elimimate 1he excess bromise befome alding e methyl ned
mndhcator. 1 dilticuly mom banpmg is expemenced dunng the boiling, the
following akhermnas wechmigues may be helpful: (1) a phece of filier paper,
approcimaiely | cm® in areq, positioned where the botiom and sikde af the
heaker merge nnd held dowm by the end of a stiming rad may solve the
difficulry, and {21 use of 400 ml. beakers supponed inside a cast aluminum
cup has also been found effective.

Mo 17-The MH,OH used to precipitate the hydmoxides must be free
ol contanmnation with carbon diossde (T,

More 18— wsually akes | deop ol MHOH (1= 1) o change the codor
ol the solutiom Fromm red o omange ad asother drop oo change the codor
from oramge 1o yellow, IF desined, the sddivion of the indicaor may be
delayed umil ferric hydroside (R=00H by 18 precipliased widhean aluminum
hydraxide :hl(f}l-ll_._l heing compdeiely precipitaved, In such a case, the
color chamges may he betier chserved, However, if the coment of Fe, 0,
is unusally great, it may be necessary o occasimally lel the precipitaie
settle slighily =o that the oodar of the supematant liquid can be ohserved.
I the color fades during the precipaiation, add mome of the iwlcator,
Ciservation of the color where a drog ol the mdicator sinkes the sodution
may b oan aid i the conrol of the ackdity, The Boiling shoubd nor be
prolonged a5 the color may reverss amd the precipiime may be difficalr w
reigin om the filier, The sohsion should be distincily velbow when it is
rendy o filier. IF it is not, restore the yellow colar wiih mare BMHCH (11 )
or repeal the precipitalimm.

Mome 19-To awoid drving of the precipitate with resuliant slow
filtratiom, channeling, ar poor washing, the filter paper should he kep
mearly full dureng the filtrason and sheald be washed withoo delay.

More 20—2 dmops of meetby] red indscator solulion should be adkled w
the MH, MO, sodubion im e wish botdhe, followed by MHOEH (1417 added
dropwisze until the color jist changes o yellow, 18 the color revens s ned
at nny time due i heating, @ shoukl he hrowght hack s vellow by the
adcition of a drop of MHOH (1e1).

022 Bet aside the filroe and ransler the precipitae and
filver paper w the =ame beaker in which the first precipitation
was effected. Disaolve the precipitate with kot HCT (142}, Stir
i thoroughly macerate the paper and then dilute the solution o
about 1Y ml.. Reprecipitate the hydroxides as described in
920, I difficulty from bumping is experienced while boiling
the ackd solution containing the filter paper, it may be obviated
by diluting the hot 142 solution of the mixed oxides with
10 mL of boiling water and thus eliminate the need for
boiling. Filter the solution and wash the precipitate with about
four L0 mL portions of hot MHMNO, solution (20 g/L) {Mote
201, Combine the filtrate and washings with the filirafe set
aside and reserve for the determination of Call in accordance
with 15.3.1.

2% Place the precipitate in a weighed platinum crucible,
heat slowly until the papers are chorred. and hnally ignite to
constant weight at DO5S0C to 11080 °C taking care fo prevent
reduction, and weigh as the ammoniom hydroxide growp.

924 Hlowk—Make a blank determination, following the
same procedure and using the same amounts of reagents, and
cormect the resulis obtained in the analysis accordingly.

0.3 Coalowlation—Calculate the percentage of ammondum
hvdroxide group by multiplying the weight in grams of
ammmonium hydroxsde group by 200 0000 divided by the weight
of samphe vsed (0.5 gk

10, Ferric (hxide (Reference Test Method)

ML Semmrary of Test Method—In this st method, the
Fe 0y content of the cement is determined on a separate
portion of the cement by reducing the iron tw the ferrous state
with stannous chloride (5nC15) and titeating with a standard
spdution of potassium dichromate (K.Cr,04), This determina-
tion i= not affected by any titanivm or vanadium that may be
present in the cement.

1L2 Beagents:

121 Bariwm  Diphenviamine  Sulfonate  Indicator
Sedution—Issolve 0.3 g of barium diphenylamine sulfonate in
100 mL of water.

10,22 Porgssiom Dichromate,  Standard  Selurion
{1 mL =001 g Fe, 040 —Pulverize and dry primary standard
pofassium dichromate {K,Cra0y) reagent, the current log of
NIST 136, at 180°C i 200 °C o constant weight. Weigh
pocurately an amount of dred reagent equal o 245700 g fimes
the number of litres of solution to be prepared. Dhissolve in
water and dilute to exactly the required volume in o single
vilumetric flask of the proper size. This solution is o primary
stamdard and requires no further standardization.

Mome 21—Where large quaniities of standard solution are reguired, it
may be desirable for cenain labormories o e commercially - produced
primary standard potasiom dichromate for mest determinations. Such a
malerial may be usad provaded that the fiest solulon made Tnom the
eombainer 15 checked, a3 follows: Using a standard solution of MIST 136,
prepaned as described in analyze. in duplicass, samphes of a MIST
CREM cement. by the procedurs given in 8.5.0.3 and 83,14, Repem using
n similar sohmion prepored from the commercial primary  standand
fichromate. The average percentages aof Pes(h, found by ench method
should nat differ by more tham {106 5.

10:2.3 Stanrens Chioride Soluion—Dissolve 5 g of stan-
nows chloride (50Tl - 2H00 m 10 mL of HCL and dilute w
100 mL., Add seraps of ron-lree gromolated un and boal wnol
the solutkon 15 clear, Keep the solution in o closed dropping
hottle containing metallic tin.

1LY Proceduwre—For cements other than portland and for
which the insoluble residoe s unknown, determine the in-
soluble residue in secordunce with the appropriste sections of
these test methods. When insoluble residue is known, proceed
in gecordonce with 10.3.1 or 10032 = is approprigie for the
cement being analyzed.

1031 For portland cements and cements having insoluble
residue lower than 1 %, weigh 1 g of the sample into a 500 mL
Phillips beaker or other suitahle container. Add 40 mL of cold
water and, while the beaker is being swirled, add 10 mL of
HCL It necessary, heat the solutton and grind the cement with
the Hattened end of a glass rod until it is evident that the cement
is completely decomposed. Continue the analysis inacoor-
dance with 14133,

.....
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10,3.2 For cements with insoluble residue greater than 1 %,
weigh a 0L500 g sample, blend with 1 g LiB0y, using a morar
and pestle, and teansfer o a previously fired B ml carbon
crucible that has 0.1 g LiB0y sprinkled in the bottom (Mot
22), Cover with 1.1 g LiBO, that was used w chemically wash
the mortar and pestle (Mowe 23). Place the uncovered crucible
in a fumace set at LD °C for 15 min. Remove the crucible
from the furnace and check for complete fusion (Mote 240 1F
the fusion is incomplete, retum the crucible o the furnace for
another 30 min. Again, check for complete fusion. IF the fusion
is still incomplete, discard the sample and repeat the fusion
procedure using .25 g sample or a smaller guantity with the
same amount of LIBO,. When the fusion is complete, gently
swirl the melt and pour into a 150 mL gloss beaker containing
10 mL concentrsted HC and 50 mL water. Stir continuwously
until the Tusion product is dissolved, vsually 10 min or less
(Mo 25) 17 a stirming bar is wsed, remove omd ninse the bar,
Continuee the amaly=s i accordance with 10,3.3,

Mome 22—The firing loosens the carbon on the sarfses, redocing the
pasaibiliny of the fusion prodec aicking o the crnscibkle,

Mome 23—A chemical wash is n dry rinse of the equipment in which the
blendimg was done so that any sample adhering 1o this equipment will he
loesened and transferred (o the crucible.

More 24—When fusion is inconplete, he sample may nol be com-
pletely meehied or there may be particles on sop of the bead. Usually, if the
bzl Froamns & small erncath spherical ball when taken from the Fumreace aid
before i s swirled. the samgle ks complencly fused

Mome X5—There are usunlly some corbom poricles that are n
suspension, undissolved in the solution, bl they will not interfere with the
completion of the analysis.

10,33 Heat the solution to boiling and trest it with the
EnCl, solution, added dropwise while stirring and boiling, until
the solution is decolorized. Add | drop in excess and cool the
solution to room temperature by placing the beaker in a pan of
col water. After cooling and without delay, rinse the inside of
the vessel with water, and wdd all at once 10 mL of o cool,
saturated mercuric chloride (HgCl,) solution, Str the solution
vigorously for | min by swirling the beaker and sdd 10 mL of
HAPO, (1410 and 2 drops of barum diphenylamine sulfonae
incheator, Add sufficient water 5o that the volume afler ttration
will be between 75 mL and 100 mL, Titrate with the standard
B0 molution, The end point shall be taken as the point o
which a =ingle drop cavses an mtense purple coloration that
remains unchanged on Turther additon of standard K,Cro04
Aoaluiticm,

10,34 Blank—Make a blank determination following the
same procedure and using the same amounts of reagens,
Record the volume of KCra0 solution required o establish
the end point as described in 10,33, As some iron must be
present o obtain the normal end point, if no definite purple
color 15 obtiined after the addition of 4 drops of the standard
KoCray solution, record the blank as zemo.

104 Coleularion:

141 Calculaie the perceniage of Fea(h, as follows:

Fe,0h,. % = E(V — #) = IHVW i
where:

E = Fe0y equivalent of the K Cr0y solution, gfml.,

11

Vo= millilitres of KoCraOy sodution required by the sample
cletermi mation,

# = millilires of K CraOy solution reguined by the blank
determination, and

W = mass of sample within (.1 mg.

Round in aceordance with Tahle 3.

11. Phosphorus Pentoxide (Beference Test Method)

.1 Suminary af Test Method—This colorimeiric  test
method is applicable to the determination of POy in portland
cement. Under the conditions of the test. no constituent
normilly present in portland cement will interfere.

11,2 Apynirains;

11.2.1 Specrrophotamerer (Mobe 26);

11,211 The instrument shall be equipped o measure ab-
sorbance of solutions at a spectral wavelength of 7235 nm,

11.2.1.2 Wavelength measurements shall be repeatable
within =1 nm or less,

11213 In the absorbance ronge from 0.0 1w 10, the
shsorbance measurements shall be repeatable within *1 % or
less,

11214 Toestablish that the spectrophotometer will permit
o satislactory degres of accurscy, qualily the instrument in
sccordance with 5.4.2 using the procedure in 1141 - 11,49,

More 26—For the measurement of he performance ol the
specirophotimeter, refer 0 Practice E275,

11.3 Reagenis:

1131 Amenonien Molvhdare Solenion—Into a | L volumet-
ric flask introduce 3000 ml of 106 & H,50, (1137
Drissolve 25100 z of AmmOnium molyhdate
((MNH, MOS0, - 4HL0) in gbout 250 mL of warm water and
transfer o the flask containing the H,50,, while swirling the
flusk. Cool, dilute to 1 L with water, and store in a plasiic
bottle.

11.3.2 Ascorbic Acid Powder—For case in dissolving, the
finest mesh available should be used.

11.3.3 Hydrochlorie Acid, Standand (6.5 = 001 Np—Dilute
5400 mL of concentrated HCD (sp ar 1.19) o 1 L with waier.
Standardize against standard NaOH solution (11.3.6) using
phenolphthalein as indicator. Determine the exact normality
and adjust o 6.5 = 001 & by dilution with witer. Restandardize
to ensure that the proper normality has been achieved.

11.3.4 Phosplate, Sandard Solution A—Dissalve 001917 g
of oven-dried potassium dihydrogen phosphate (KHLPO,) in
water and dilute to | L in a volumetric Aask.

11.3.5 Phosplate, Standard Soluiion 8—Dilote 5000 mL of
phosphate solution A o 5000 mL with water,

11.3.6 Sodium Hyvdroxide, Srandped Solurion (1 N)
Drissolve 400 g of sodivm hydroside (MaOH) in water, add
IhmL of a freshly filkered saturaied solution of barium
hydroxide {BafOHE), and dilute o | L with water that has
been recently bailed and cooled. Shake the solution from time
to time during a several-hour pericd, and filter into a plastic
bottle. Keep the bottle tightly closed to protect the solution
from 0, in the wir Stendardize sgainst acid potassium
phthalate or benzoie acid acidimeiric standards furmished by
MIST (standard samples 34 and 25}, using the test methods in
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the cenificates accompanying the standard samples. Determing
the exact normality of the solution,

.37 Sulfuric Aced, Stendand (106 20,1 Mi—To a 1L
volumeiric fask cooled in water add abour 600 ml. of water
and then, slowly, with coerfon, 300 mL of concentrated HL 50,
(sp gr 1LB4). Afier conling to room emperature, dilute 1o 1 L
with water, Standardize against the standard MaDH solution
(11.3.6) wsing phenolphihalein as indicator. Determine  the
normality and adjust o 1006 = (01 & by dilotion with water.
Restandardize to ensure that the proper normality has heen
achicved.

1.4 Provedure:

1141 Prepare a series of phosphate solutions (o cover the
range from 0 % w (L5 % P20, Prepare each solution by adding
a suitable volume of standard phosphate solution B oand
250 mL of the 6.5 ¥ hydrochloric acid 1o a 250 mL volumetric
flask (Mote 27) Dilute to the mark with water.

Mome 27—Ome miillilicre of sinnclord phosphnie soluticn B250 ml, of
solution is equivalend i 0004 5% POy for o 025 g comeni sample,
Aliquots of 0 mL. 12.5 mL, 25 mL, 50 mL. 74 mL. [ mL, and 125 mL
are equivalent o Po{), comlents in the sample of 0%, (005 %, 0105,
0.20 % (L300 %, dhdb 5, and 050 %o,

11.4.2 Prepare a blank by adding 25.0 mL of the standard
HCI i & 250 mL volumetric flask and diluting to 250 ml with
wilcr.,

11.43 Develop colors in the series of phosphate solutions,
and in the blank, in accordance with 1146 — 1148,

11.4.4 Plot the net absorbance (absorbance of standard
minus that of the blank) values obtained as ordinaies and the
corresponding  Pu(dy concentrations as abhscissas. Draw a
smooth curve through the points.

Meome 2B suilable paper for ploiting the calihrmion curve is a [0in.
by 15 . {254 mm by 381 mm} linear cross section paper havieg 2 by 2
divigions 1o e inch. The pancentage ol Po0k, can then be plodied on the
bomg dimersion using live divisions equal w001 % PO, A scale ol one
diwision egqual o (hiHS ahsorhance units is suitable as the ordinase (shon
dimension of the paperk. Scales other than this may be used b under
crcumstances shonld & scale division kess than Vo in. (0.3 mm) be usexd
fior (LIS wniis of absorhanee or for (U5 % PO, A separate callibragion
curve shwuld be made for each specrophotomeler wed, and the calibra
tiom curve checked against standard phosphate solution whenever a new
bl ol ammmonmm mlyboate reagent s used.

11.4.5 Transfer 0.250 g of the sample o a 250 mL beaker
and moisten with 100 mL of cold water to prevent lumping. Add
25.00 mL of the standard HCI and digest with the aid of genile
heat and agitation until sclotion is complete. Filter into a
250 mL volumetric flask and wash the paper and the separated
silica thoroughly with hot water. Allow the solution (o cool and
then dilute with water to 250 mL.

11.4.6 Transfer a 500 mL aliguot (Note 29) of the sample
solution to a 250 mL beaker, add 5.0 mL of ammonium
molybdate solution and (L1 g of sscorbic acid powder. Mix the
contents of the beaker by swiring unul the ascorbic acid has
dissolved completely, Heat the solution w vigorows boiling and
then bodl, uncoverad, for 1.5 min £ 0.5 mun, Cool o room
temperature and transfer woa 30 mbL volumetne Dask. Binse the
beaker with one small portion of water and add the rinse water
1o the flask, Dilute to 30 ml. with water,

More Z4—The range of the e can be extendid by taking a smaller

aliquai af the snmpke solution, In such instances the decrense in the afigun
volume musst he made up by the blank soluticn (11.4.5) 10 maimnin the
proper acidity of the final selution, Thues, if & 25 ml. olikqee of the sample
solmtion is taken (insiead of the nssal 50 mL). a 25 mL aligued of the blank
anlution shoukl be sddex] bedore proceeding with the pes The resull ol the
lest musl then be calcubated accordimgly.

11.4.7 Measure the absorbance of the =olution against water
= the reference at 725.0 nm.

I1.4.8 Develop on a 5000 mL aliguot of the blank solution
preparcd in 11.4.2 in the same manner as was used in 11.4.6 for
the sample solution. Measore the absorbance in accordance
with 11.4.7 and subtract this absorbance value from that
obtained for the sample solution in 11.4.6 in order to obtain the
net absorbance for the sample solution.

11.49 Using the net absorbance value found im 1145,
record the percentage of POy in the cement sample as
indicated by the calibration curve, Beport the percentage of
P.0; rounded i accordance with Table 3.

12, Titanium Dioxide (Reference Test Method)

12,1 Sewmreeey of Test Method—In this test method ticaniuin
dioxide (T, in pordand cement is determined colorimetri-
cally using Tiron reagent. Under the conditions of the test inon
is the only constituent of portland cement causing a very slight
interference equivalent o (U01 % for cach 1 % of Fe,0,
present in the sample.

12.2 Apparatus:

12.2.1 Specirophotoreter (Mote 300:

12.2.1,1 The instruiment shall be equipped 1o measure ab-
sorbance of solutions at a spectral wavelength of 410 nm,

12.2.1.2 Wavelength measurements shall be repeatable
within =1 nm or less,

12.2.1.3 In the absorbance ramge from .0 e 10, the
absorbance measurements shall be repeatable within 21 % or
les=,

12.2.1.4 To establizh that the spectrophotometer will permit
o stsfactory degree of accurocy, qualily the instroment in
accordance with 5.4.2 using the procedure in 12,41 - 1246 0f
this test method,

Mote 30—For the measurement of he perlormance of the
specirophotometer. refer 0 Practice E275,

12.3 Reagenis:

12.3.] Buffer (pH 4, T—68 g of MaC,H,0, - 3H,0, plus
380 mL of water, plus 100 mL of 3.0 & CHO00H.

12.3.2 Erhienedinieide Tetnmacetic Acid Disedive Sall,
Dikvdrare (0.2 M EDTA)—Dissolve 37.5 g of EDTA in
350 mL of warm water, and filier, Add 0.23 g of FeCl; - aH,0
amd dilute o 500 ml.

1233 Hwdroclilorie Acid (1+6),

12.3.4 Hvdrochloric Acid, Standard (6.5 N—Dilute
MO mL of concentrated HCI (sp gr 119 1w 1 L with water,

12.3.5 Ammowinem Hvdroxide (MH OH, 1+1),

1256 Pofassivm Pyroswlfare (B.5.05)

1237 Tiraniwn Dioxide, Stock Soluion A—Fuse slowly in
a plotinum crucible over o very small Hame 00314 o of NIST
SEM 154b (T, = 9574 %) or its replocements with abowt 2 g
or 3 g of K505 Allow to cool, and place the crucible in a
beaker containing 125 mL of HaS50, (1+41). Heat and stir until
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the melt is completely dissolved, Cool, wansfer to a 230 ml.
volurmetric Aask, and dilute the solution o volume.

12.3. 7.1 Tireeiune oxide, Dlare Sioeddard Sedenion B
(1l = 0125 mg Tids)—Piper 30 mL of stock T, solution
inte a SO0 ml volumetreic fask, amnd dilute o volume. One
millilitre of this solution is equal to 00125 mg of Ticy, which
is oquivalent to 0003 % T, when used as outlined in 12.4.4 -
12.4.6.

1238 Sudfierie Acid (1+1.

1239 Timw (disodium-1,2-dihydroxybenzene-3.5  dis-
ulfonate).

124 Procedure!

12.4.1 Prepare a serics of TiCk, solutions to cover the range
from 0% o L0 % Ti(.. Prepare cach solution in a 50 ml
volumetric fask.

Meme 3 l—{ne millilitre of dilute Te(), standard solution B per 5 mL
(R2.27.07 15 eguivalent 1o 0L05 % Telly, for a D250 g coment sample.
Aligquans of Oml, Smb., Wrmb, 15 mL, and 20 mL of &Gloe Tich,
standard selution are equivalent e Ttk coments o he sample of 0%,
028 % 080 %, 0TS %, and 10 %, Dilute each to 25 mL with water

124.2 Develop cobor in accordance with 1244 starting
with =econd sentence. Measure absorbance in sccordance with
12.4.5,

1245 Plot absorbance values obtained o= ordinates and the
correspomding Tild, concentrations as abscissas, Draw a
amooth curve through the poinis.

Mome 32—A suitable paper for ploing the caldbraton curve is a lincar
cross section paper havimg [0 x 10 divisions 0 1 cm. A scale division
eguivalent o 0002 shsorbance and (002 % Tick, should be osed, A
separaie calibration curve should be made for each specmopbatomeler
wsed.

12.4.4 Transfer a 250 mL aliquot of the sample solution
prepared in 11425 ino a 50 mL volumeiric fAask (Mote 33).
Add 5 mL tiron and 5 mL EDTA, mix, and then add NH OH
(141} dropwise, mixing thorowghly afier cach drop, wntil the
color changes through yellow to green, blue, or ruby red. Then,
Just restore the vellow color with HCL {146 added dropwise
and mixing after each drop. Add 5 mL buffer, dilute to volume
and mix.

12.4.5 Measure the absorbance of the solution agrinst water
as the reference ot 410 nm.

More 33—The range of the e can be extendid by taking a smaller
aligood. The mesuls ol e test most then be caleulaved acconbingly.

1246 Using the absorbunce valuwe determined in 12.4.5,
record the percentage of T, in the cement sample as
indicated by the calibration curve. Correct for the iron present
m the =mple w oblan the wree T, oz follows Tooe
T, = measured % Ti0; = (001 = % Fe,04y) Beport the per-
cent of Ty rounded in accordance with Table 3,

13, Zinc Oxide (Reference Test Method)’

13.1 Any test method may be used thot meets the require-
ments of 5.4 amd Table 1.

T The 19EE revisem of these test methods deleed the colorimeric method Tor
determinatzon of Zall psing an extraction with OC1,, Those interesiod in this s
methad should refer o the JO87 Amanal Sk of ASTM Spandargly, Voluss: 04,00,

13.2 Report the result rounded in occordance with Table 3.

14, Aluminum Oxide (Keference Tesi Method)

Mote 34—In the reference iess method, .ﬁ.l_.l._'l_,, is coboalated from the
nmmanium hydroxide groap by subtracting the separasely determined
constiluents thal usually are present in sigmificant amoums in the ammo-
nium hydroxide precipitste. These are Fel(d,, Tit, and Po0.. Most
imstrumental lest methods for ALCE, amalysis give Al alome b sLan-
tarhzed amd calibrabad properly.

1d. 1 Calenlarion:

14.1.1 Calculate the percentage of AlOy by deducting the
percentage of the sum of the Fe,0,, TiQ,, and P,0Oy from the
percentage of ammaonium hydroxide group, using un-roumwded
values of all four quantities, All determinations shall be by
referce test methods descrbed in the appropriate sections
herein. Beport the Al.Cy rounded in secordance with Table 5.
For nonreferee analyses, the percentages of FelOy, Til,, and
o0 can be determined by amy procedure for which qualifi-
cation his been shown

15. Calcium Oxide (Reference Test Method)

151 Swmmary of Test Method:

15.1.1 In this est method, manganese is removed from the
filirate after the determination of 50, and the ammoniwimn
hydroxide group, Cabeium is then precipitated as the oxalate,
Afier filtering, the oxalate is redissolved and titrated with
potassium permanganaie (KMo ).

More 35—For referee amalysis or [or the most accurale determanations,
remsrval ol manganese i acoenknoe with 1532 musd be made. For less
scgurate deserminations, and when only insignkficant ameants of manga-
ness oxides ane belleved present, 1332 may be omined.

15.1.2 Srontium, wsually present in portland cement as a
minor constituent, is precipitaied with calcium as the oxalate
and is subsequently titrated and caleulated as Cald, If the S0
content is known and correction of CaO) for Se() is desired as,
for example, for research purposes or to compare resulis with
CRM certificate values, the Cald obtained by this method may
be corrected for e, In determining conformance of a cement
to specifications, the correction of Cal) for Srl) should not be
minde.

15.2 Reagenits:

1521 Ampmeniiw hoaplare Sofurion (50 gfL).

15.2.2 Podassiom  Permanpanare,  Standard  Solution
({118 Mi—Prepare a solution of potassium  permanganate
(EMnid, ) containing 5.64 g/l Let this solution stand at room
temperature for ot least | oweek, or boil and cool o moom
temperature, Siphon off the clear solvtion without disturbing
the secdiment on the botom of the botle; then filter the
siphoned sodution through a bed of glos wool inoa funnel or
through a suitable sintered glass Glter, Do ool Gleer through
materials containing organic matter. Store in oa dark botle,
preferably one that has been painted black on the ouiside.
Standardize the solution against 0000 g o 08000 g of
primary standard sodium oxalate, according o the directions
furnished with the sodivm oxalate and record the remperature
at which the standardization was made (Mote 36}

15.2.2.1 Calculate the Cald equivalent of the solution as
Followwws:
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I ml oof | & KMo, solution is equivalent o 006701 g of
pure sodivim oxalate.

Marmaliny of Kmn(h,

_ wdgh of sodiom oxalars = fraction of it puriny
B il of KMnCY, solutbon = 006701

I mb of 1 & KW, solmion is equivalent o Q028K g of Call.
marmnnliny of Khnlr |, selavion = 0,02804 = (M)
=
0.5

14h

where:
Fo= Cal) equivalent of the KM}, solution in % Callinl.
hased on a (L3 g sample of cement.

More 3b—Because of the mstability ol the KMy, solution, it s
recommmerslid thal il be restamdandzzed an beast bimonthly.

15.3 Procedure:

15.3.1 Acidify the combined filtrates obtained in the pre-
cipitations of the ammonium hydroside group (92,2, Meotral-
e with HCL o the methyl red end pomt, moke just aend, and
add 6 drops of HCL in excess,

15.3.2 Removel of Manganese—Evaporate o a volume of
about 100 mL. Add 40 mL of saturated bromine water to the
hot =olution and immeditely add MH,OH ontil the solution 15
distinctly alkaline. Addition of 10 mL of MHyOH is generally
sufficient. A piece of filter paper. about 1 cm® in area, placed in
the heel of the beaker and held down by the end of o stiring
rod aids in preventing bumping amd inioating precipitation of
hydrated manganese oxides (MO}, Boil the solution Tor 5 min
or more, making certain that the soluton 1s distnctly alkaline
at all vimes Allow the precipitate wo settle, filer wsing
medium-textiured paper, and wosh with bot water, 1T o precipi-
tate does nod appear immediately, allow a setling period of up
i | h before filtration, Discard any manganese dioxide that
miay have been precipitated, Acidify the filirate with HCI using
liemws paper as an indicator, and bodl ungl all the bromine is
expelled (Mote 37),

15.5.3 Add 5 mL of HCL. dilute to 200 mL, and add a few
drops of methy] red mdicator and 30 mL of warm ammoniom
oxalate solution (50 g/L) (Mote 38), Heat the solution o 70 °C
fox 80 T, and add MH OH (14+1) dropwise, while stirring until
the color changes from red w vellow (Moe 390 Allow the
solution o stand withoul further heating for 60 min £ 5 min
(o longer), with occasional stiring dunng the ficst 30 min,

15.5.4 Filter, using retentive paper, and wash the precipitate
# to 10 times with hot water, the total amount of water used in
rinsing the beaker and washing not to exceed 75 mL. During
this washing, water from the wash bottle should be directed
arcund the inside of the flier paper o wash the precipitate
down, then a jet of water should be gently directed towards the
center of the paper in order o agitate and thoroughly wash the
precipitate. Acidily the Glicate with HCD and reserve for the
determination of Mgk,

15.3.5 Place the beaker in which the precipitation was made
under the funnel, pierce the apex of the filter paper with the
stirring rod, place the rod in the beaker, and wash ihe
precipitate into the beaker by uwsing a jet of hot water. Drop
about 10 drops of Ha50, (141} around the top edge of the filier
paper. Wash the paper five more times with hot water. Dilute to

200 mL. and add 10 mL of Ha5C, (1+1). Heat the solution 1o
a temperature just below boiling, and titeate it imimediately
with the (.18 N KMo, solution (Mote 400, Continue the
titration slowly until the pink color persists for an keast 10 5
Al the filter paper that contained the original precipitate and
macerate i, If the pink color disappears continue the tiration
until it again persists for at least 10 5.

Mot 3T—Patassmm iodbide slarch paper may be wsed 0 imdesate the
complete vokatilization of the excess bromine, Expose o siip of moisiened
paper ta the fumes fram the boiling solmion. The paper should remnin
coborless I i imms blue bromine is s1ill present,

More 38— the ammonium oxalse sobution is e perfecty clear, o
should b filtered before use,

Motk 3W—This meutralization must be masle slowly, olberwise precipi-
taned cabeium axalare may hive a endency 10 un through the flier paper.
When o nundber of these determinabons e being made simaleaneoasly,
the follawing technigque will assist in ensuring slow newtrnlizaion. Add 2
or 3 draps of NHOH o the firss benker while siirring, then 2 or 3 drops
o the second, and =0 on, retuming (o the At beaker o add 2 or 5 mare
trops, and w0 Torth, uniil the indicabor color has changed in each beaker.

Moms 40—The semperniare of the 0,05 & KEMnO; solution of time of
use should mt vary from iis standardization temperatore by more than
10 °F (55 °C). Larger deviations could cause serious error in the
determination of CalCk.

15.3.6 Blonk—Make a blank determination, following the
same procedure and using the same amounts of reagents (Mote
41, and record the millilives of KMoy, solution required o
establish the end point,

Mote d1—When the amount of calcium oxalale is very small, 1=

caidution by KMnl, is sbow s sian. Before the dation, add & line
Min5Ck, 10 the sobotion 10 cacalvee the reacton.

154 Calewlation:

15.4.1 Calculate the percentage of Call as follows:
CaD, % = B[V — B) (3]

where:

E

Cald equivalent of the KMn(}, solution in % CalWmL
hased on a 0.5 g sample,

V= millilitres of KMnO), solution required by the sample,
and
B = millititres of KMo, solution required by the blank,

Repont the result rounded in accordance with Tahle 3.
15.4.2 If desired calculate the percentage of CaQ corrected
for Se0) as follows:

Cald % = Cal) % — 0.54 5r(d 5 (]
where:
Call. = Cal) correcied for 500, and
Cald, = initial Call as determined in 1541
.54 = Si08 Cailh

m: molecular weigha nllhmﬁ

16, Magnesium Oxide (Reference Tese Method)

16,0 Semmrary of Test Method—In thiz est method, magne-
stum 15 precipilated as mognesium ammoniom phosphate from
the flwrate after removal of caleiom, The precipitate = ignited
amd weighed as magnesium pyrophosphate (Mg, P20k The
Mg equivalent is then calculated.

162 Regpeni—Ammonium phosphate, dibasic (100 g/l
[(NH4:HPO,.
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16.3 Procedure:

1650 Acidily the Glirate from the determinaton of Cald
(15.3.4) with HCI and evaporate by boiling to about 250 mL.
Cool the solution o room temperature, add 10 mL of ammo-
niwm phosphate, dibasic, (MH LHPO, (100 g/, and 30 mL of
MH,OH. Siir the solution vigorously during the addition of
MH,OH and then for 10 min o 15 min longer. Let the solution
stand for at least 8 b in a cool amosphere and filier, Wash the
residue five or six times with MHOH (14200 and ignite in a
weighed platinum or porcelain crucible, af first slowly until the
filter paper is charred and then burn off (see 16.4.1), and finally
at 1100 °C for 30 min o 45 min. Weigh the residue as
magnesium pyrophosphate (Mg, P, Q)

16.3.2 Blank—Make a blank determination following the
same procedure and using the same amounts of reagents, and
correct the results obiained in the analysis accordingly,

16,4 Calcwlasion:
16.4.1 Calculate the percentoge of Mg() to the nearest (.1 as
follows:

Mg0, % = W =724 (7
where:

W = grams of Mg,P.0,, and

P24 = molecular ratio of 2Mg0 o Mg, POy 00,362 ) divided

by the weight of =ample wsed (0.5 g} omd muluplied
by 1ML

Report the result rounded in accordance with Tahle 3.

Warning—Exireme caution should be exercized during this
ignition, Reduction of the phosphate precipitate can result if
carhon is in contact with it at high temperaiures, There is also
danger of occluding carbon in the precipitate if ignition is oo
rapid,

17, Solfur (See MNole 42)

17.1 Swilfur Tricxide (Reference Test Method):

17121 Swrenesey of Test Merhod—In this test method, sulfate
is precipitated from an acid solution of the cement with barium
chloride (BaCl,). The precipitate is ignited and weighed as
barium sulfate (BaS0,) and the 50, equivalent is calculated.

17.1.2 Prwedure:

17020 To 1 gof the samphe add 25 mL of cold water and,
while the mixiwre 1= stirred vigorowsly, add 5 mL of HCH Mo
430 IF necessory, heot the solution and grind the matenal with
the Aatened end of a glass rod il i s evident that
decomposition of the cement is complets (Mote 44). Diluge the
solution o 30 ml and digest for 15 min at a temperature jus
below boiling. Filter through a medium-texiured paper and
wash the residue thoroughly with hot water, Dilute the filrane
o 250 mL and heat 1o boiling. Add slowly, dropwise, 10 mL of
hot BaCl, (100 g/L) and continue the boiling until the
precipitate is well formed. Digest the solution for 12 hoio 24 h
at a temperature just below boiling (Moie 45). Take care o kecp
the volume of solution between 225 mL and 260 mL and add
water for this purpose if necessary. Filter through a retentive
paper, wash the precipitate thoroughly with hot water, place the
paper and contents in a weighed platinum crucible, and slowly
char and consume the paper without inflaming. [gmite oS00 °C
fo W0 "C, cool in o desicator, and weigh.

Mors 42—When on instnamenial test methed s wsed far sulfor or when
comparing resulis of classical wel and instmamenial sest methods, comsalt
f.1.2 of these test methods,

Mome 43-—=The acid filmte cbiamed in the delerminmion of the
irsrlule residhee (75,0 mexy b used for the detenmination ol 500, irsbsd
of wsing a separale sanple.

More dd—A brown residue due 10 compaumids of mangasese may be
disrepanded (see Mow 110,

More 45—IF o rapid determinarion ks desired, Immnediasely afier sdding
the BaCl,, place the beaker with the sodution in an ulmasomic hoth for
3 min. and then cominue the determination starting with *Filier ihrough a
relentive paper. . . Cualify the methed in accordance with the Perfor.
mance Fequirements For Bapid Test Methods.

17.1.2.2 Blank—Make a blank determination following the
same procedure and using the same amounis of reagents, amd
correct the resulis obtained in the analysis accordingly.

17.1.3 Caloiwlarion—Calculate the percentage of 50, to the
nearcst (L1 as follows:

50, % = Wxidl (B}
where:
W = grams of Bas0),. and
3.3 = molecular ratio of 50, o Ba30y, (0.343) multiplicd

by 104,
Report the result rounded in accordance with Table 3,

17.2 Swifide (Reference Test Method):

17.2.1 Seemrrerry of Test Method—In this test method sulfide
sulfur 15 determined by evoluton as hydrogen sulfide (H.5)
from an acid seluton of the cement into a solution of
ammoniacal zine sulfate (ZnSO40 or cadmivm  chloride
(CdCL) The sulfide sulfur is then tiraed with a standard
sodution of potassiom iodate (K10, ), Sulfites, thiosulfates, and
other compounds intermediate between sulfides and sulfates
are assumed 1o be absent, IF such compounds are present, they
may cause an ermor in the determination.

17.2.2 Apparaius;

17.2.2,1 Gos-Gierneraing  Flask—Connect a dry 500 mL
hoiling Aask with a long-stem separatory funnel and a small
connecting bulk by means of a rubber stopper, Bend the siem
of the funmel so that it will not inerfere with the connecting
bully, adjust the stem w0 that the lower end is close w the
hottom of the flask, and connect the opening of the funnel with
a source of compressed air, Connect the bulb with an L-shaped
glass twhe and a siraight glass wbe sbout 200 mm in length.
Inseri the straight glass tube in a tall-form, 4000 mL beaker. A
three-neck distilling flask with a bong glass bing in the middle
opening, placed betwcen the source of compressed air and the
funnel, is a convenient aid in the regulation of the airfow.
Rubber used in the apparatus shall be pure gum grade, low in
suliur, and shall be cleaned with warm HCL

17.2.3 Reapenis:

17251 Amemowiccal  Cadmivm Chloride  Solwtion—
Drissolve 15 g of cadmiom chloride (CACL; - 2HL00 in 150 mL
of water and 350 mL of NH,OH. Filter the solution after
allowing it to stand at keast 24 h.

17.23.2 Amnonigcal Zine Sulfare Soluion—Dissolve 500 g
of zing sulfate (ZnS0, « THLO) in 150 mL of water and 350 mL
of NH,OH. Filter the solution after allowing it to stund at least
24 h.
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172233 Poressiuer Fodlore, Stondord Seduweion (0003 M)
Prepare a solution of potassium iodate (KIOL) and potassium
indide (K1) as follows: Dey KIO at 1RO *C (o constant weight,
Weigh LOT0T g of the KIO; and 12 g of KI, Dissolve and dilute
i | Loinoa volumetric fask, This is a prmary standard and
requires no standardization (Mote 46). One millilire of this
solution is cquivalent to (WOOMMED o of sulfur.

Mome 46—The sodution is very siabbz, but may not maincain s ber
indetinively, Whenever ssch n solution is over | yvear ald it should he
discanded or fs concemtrniion checked by stancordization.

17.2.5.4 Stwrons Chloride Sedufion—To 10 g of stannous
chlorde (SnCl; - 2H200 in o small fask, add 7 mL of HCI
(141 Y, warm the mixiure gently unil the =l i dissolved, cool
the solution, and add 95 ml. of water. This solution should be
prepared as needed, as the salt tends 1o hydrolyze.

17235 Srarch Solution—To 100 mL of boiling water, add
a cool suspens=ion of 1 g ol soluble starch in 5 mL of water and
col, Add a cool solution of 1 g of sodiuvm hydroside (MaOH)
in 10 mb of woater, then 3 g of potassiom iodide (K1), and mix
thoroughly.

17.2.4 Procedure:

17.2.4.1 Place 15 mL of the ammoniacal ZnS0, or CdCl,
solution {Mote 47) and 285 mL of water in a beaker. Put 5 g of
the =ample (Mo 48] and 10 mL of water in the fosk and shoke
the Mask gently o wetl and disperse the cement completely,
This step and the addivon of STl should be pedformed
rapadly o prevent the sewing of the cement, Connect the Dask
with the funnel and bulb, Add 25 mL of the SnaCl, solution
through the Tunnel and shoke the fosk, Add 100 mL of HCI
(143} through the funnel amnd shake the Aask. During these
shakings keep the funpel closed and the delivery tube in the
ammoniacal ZnS0, or CACl, solution, Connect the funnel with
the source of compressed air, open the funnel, start a slow
siream of air, amd heat the flask and contents slowly 1o boiling,
Continue the boiling gently for 5 min or & min. Cuot off the heat,
and continue the passage of air for 3 min or 4 min. Disconnect
the delivery tube and leave it in the solution for use as a sfirrer.
Cisol the solution to 20 °C to 30 °C (Mo 49), add 2 mL of the
starch solution and 40 mL of HC1{1+1) and titrate immedistely
with the 0,03 & KICk, solution until a persistent blue color is
obtained {Mote 5.

Mome 47—Im general. the ZnS0y is prefernbde o the CdCl, splution
becanse FnS0); is more soluble in NHOH than is OdC1.. The CdCl,
solutiom may be used when there is doubt as o the presence of a trace of
sullicke sullfur, a5 the yellow cadmiom sollide (C05%) facilitaes the
detecton ol a lrace.

Mo S8—I0 1he contenl of sullur exceeds 0,20 % or 25 %, a smaller
sample shoubd be used soothat the ticrtion with the KIC, solulsm will niol
exceed 23 miL,

Mot 49—The cooling 5 imporant as the end painl & mdisting m a
W sk,

Mo SU—I1 the comtent of sullur is appreciable bul e approsimately
knoawn in advance, the resoll may be loe due 1w the loss ol Ha S dunng a
slow titration. Inosuch a case the determenation shouhd be repeated with the
tiranion carried aun more rapsdiy

17.2.42 Make a blank determination, following the same
procedure and using the same amounts of reagents. Becord the

volume of K1Y, solution necessary to establish the end point as
described in 17.2.4.1.

1]

17.2.5 Coalowlatfon—Calculate the percentage of sulfide sul-
fur {see 172,17 a3 follows:

Sulfide. % = E| ¥ — B) =) (%]
where:
E = sulfide equivalent of the KIO, solution, gfmL,
Vo = millilitres of KIO, solution required by the sample,
B = millilitres of KI0, solution required by the blank, and
20 = Y divided by the weight of sample used (5 g

Report the result rounded in accordance with Table 3,

18. Loss on lgnition (Beference Test Methods )

181 Porland Centenr:

I 1.1 Swwnmary aof Test Meshod—In this test method, the
cement is ignited in o muffle furnece at a controlled tempera-
ture. The loss is assumed o represent the total moisture and
COyoin the cement, This procedure 15 ol suitable for the
determimation of the loss on ignition of portland blast-lurnoce
slog cement and of slag cement. A test method suitable for such
cements 1% described in 1821 - 18.2.3,

18.1.2 Procedure—Weigh | g of the sample in a tared
platinum or porcelain crucible. Cover and ignite the crucible
and its contents o constant weight in a muffle furnece at a
temperaiure of 950 “C £ 50 °C, Allow a minimum of 15 min
for the initial heating pedod and at least 5 min for all
subsequent periods.

18.1.3 Colvidarfon—Calculate the percentage of loss on
ignition to the nearest 0.1 by muliiplying the loss of weight in
grams by 10 Report the result rounded in accordance with
Table 3.

182 Portland Blasi-Fremoace Slag Cement ang Slog Ce-
N T

1821 Suwwwmary of Test Method—5ince it is desired that the
reported Loss on ignition represent maoisture and CCOy, this fest
method provides a correction for the gain in weight due to
oxidation of sulfides wsually present in poniland blasi-furnace
slag cement and slag cement by determining the increase in
S0 content during ignition. An optional test method providing
for a correction based on the decresse in sulfide sulfur during
ignition i= given in 2601 — 261,35,

18.2.2 Procedire;

18.2.2.1 Weigh | g of cement into a tored platinum crucible
and ignite in 4 muffle furnace &t & temperature of
050 MC & 50T for 15 mune Cool i room lemperature inoa
desiceator amd weigh, Withowt checking for constant weight,
carefully transfer the ignited matenal w oa 00 mL beaker,
Breok up omy lumps in the ipnited cement with the famened
erd of a glass rod,

18.2.2.2 Determine the 50, content by the test method
given in 17.1 - I7.1.3 (Note 31} Also determine the 50,
content of o portion of the same cement that has not been
ignited, using the same procedurs.

More 31—Some of the soid used for dissolving the sonpke ey first be
warmed in the platinum crucible o dissolve any ndbering maerial,

18.23 Calcwlation—Caleulate the percentage loss of weight
oceurring during ignition and add 08 tmes the difference
between the percentages of 50y in the igmited sample and the
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original cement (Mote 52). Report the corrected percentage,
rounded in accordance with Table 3, as loss on ignition,

Mome 32—IF a gaim in weight is obtained during lznition. subaract the
perceninge gaim fram the correction for 3(}_,.

1%, Sodiom and Potassiom Oxides (Reference Tesr
Methods)

19,1 Tewreed Alkeelios:

1901 Swmmary of Test Method—This test method® covers
the determination of sodivm oxide (Ma 00 and potassivm oxide
(K0 by flame photometry or atomic absorption.

Mome 33—This desi methed is suitable for hpdraslic cemenis tha are
completely decomposed by hydrochloric ackl and shoulkd not be used for
determination of toial alkalies in hydrmlic cements that contain large
armounts of aond-msoluble materal, for example. poeeolan cements. [
miay be wwed W delerming acid-soluble alkalies Tor such cements. An
altermate sl method of sample dissolution for such cements 5

preparslion

19.1.2 Apporaiis:

19020 fesrrumreni—Any type Dame pholometer or alomis
absorption unit may be wsed provided i can be demonstrated
that the required degree of accuracy and precizion 15 as
indicated in 19.1.5.

Mome S4—Adver such socorncy (s eseeblished, For a specific metrument,
fumther tesis af insinament necurmcy ore niod requirsd except when i muosi
he demanstruied that the instrumenm gives resalts within the prescribead
degres of accuracy by a single series of tests using the designated siandnrl

samples.
Meme 55—For mormal lubormory festing. it is recommended that the

accuracy of the msirument be outinely checked by the wse of sither a
Mational Insite of Standanls and Technology cemenl o Cenwenl of
known alkali consent,

19.0.2.2 The instrurment shall comsist at least of an atomizer
and bumer; suitable pressure-regulating devices and gages for
Tuel and oxidant gas; am oplical system, capable of preventing
excessive interference from wavelengths of hight other than
that being measured; ond a photosensitive indicating device

19,03 Irivieed Quslificarfon of Instriment—Cualify the in-
strument in accordance with 5.4.2 to establish that an instru-
ment provides the desired degree of precision and accuracy,

19,14 Reagenrs and Marerials:

19.0.4.1 Labworatory Coniiners—AllL glassware shall be
made of bomsilicate glass and all polvethylene shall comply
with the requirements of 623,

19.1.4.2 Caleiwm Carbonate—The calcium  carbonate
(Cal0y) vsed in the preparation of the calcium chloride siock
solution (19.1.5.1} shall contain mot more than 020 % total
alkalies as sulfute.

Meme She-BMalerials sold as o primary sndard o ACS “low alkali”
grade normally meet this requirement. However, the purchaser shoulkd
assume himsell that the actoal maverial used conforms wilh this redguine-
rment.

18143 Porazsinm Chiloride (KCT).

The 1903 revisca of these es meheds deloed the classical {10 L Smich)
gravimctne method for the determing@on of N0 and KO mn coments, Those
imiezresied in this method should refer ot 907 Soak of ASTH Srndamly, Pari 4.
The 1U9H3 revision ol chese pest i thods deleted the details of the dame ploloiene
procedure for the determamaiion of Ma, 0 md K, 0. Thoe: intenesiod in this method
should refer o che JOSF Agmnn ook of ASTM Stondamdy, Par 13,

19.1.4.4 Sodisen Chioride (KaCl),

190145 Commercially available solutions may be vsed in
ploce of these specified n 19.1.5,

19 1.5 Preparalion of Solutions;

19.1.5.1 Calciven Chloride Siock Solwtion—Add 30 mL of
water i 25 g of CaC0y in a 1500 mL beaker. Whale stirming,
showly add 300 mL of HCL Cool the solution (@ moom
temperature, Hler mtoa | L volometae ok, didute w0 L, and
mix thoroughly, This soluton contains the equivalent of
63 000 ppm (6,30 %) Cal).

19.1.5.2 Sodim-Potassivm Chloride Stock  Salusion—
[ssodve 1LERSE g of sodivm chlonde (NaCly and 1,583 g of
pdassium chlonde (KCI (both doed a0 105 °C oo 1100°C for
several hours prior o weighing) in water. Dilute o 1 Loin a
vidumetric flask and mix thoroughly. This solution contains the
equivalent of 1M ppm (0 %) each of Ma 0 and KO0
Separate solutions of Ma 0 and of K0 may be used provided
thiat the same concentration solutions are used for calibration
for cement analysis as were wsed for the calibration when
qualifying the instrument in accordance with 19.1.3,

191,53 Swandard Sedanions—Prepare the standard solutions
prescribed for the instrument and method wsed, Measure the
required wolume of MaCl-ECI stock solutions in calibrated
pipeis or burcts. The calcium chloride siock solutions, if
needed, may be measured in appropriate graduated cylinders. If
the instrument being used requires an internal standard, mea-
surc the internal standard solution with a pipet or buret. Place
cach solution in a volumetric flask, dilute to the indicated
vitlume, and mix thoroughly.

19154 If more dilute solutions are required by the method
in use, pipet the required aliquod to the proper sized volumetric
flask, add any necessary internal standard, dilute to the mark,
and mix thoroughly.

19 16 Calibravion of Apparanis:

More 5T—Mo anempr is made in this section e describe in deall the
steps for puriing the imstrument imio operation sinee this will wary
comsiderably with differerd instrumemts. The manufacturer’s insimsctions
should be comsuhied for special techniques or precautions i be employed
im the aperbion, maimtenance, or cleaning of the apparatus.

19061 Turn on the instrument and allow it (o warm up in
accordance with the manufaciurer’s instructions, (A minimm
of 3l min is required for most instruments. ) Adjust the fuel and
oxidant gas pressures as required by the instrument being used.
Light and adjust the bumner for optimum operation. Make any
other adjustmenis that may be necessary to estahlish the proper
opcrating conditions for the instrumeni.

1917 Procediere!

190,71 Sedudion of the Cemeni—Prepare the solution of the
cement in accordance with the procedure specified by the
instrumeent manufaciurer. If no procedure is specified, or if
desired, procecd as specified in 19 1.7 10/-3) (Mote 57).

More S8—The presence of 500, in soluibon affects the accuracy of
some Anme phogomelers, In coses where an instrument Tails s provide
resulis within the presoribed degres of sccumcy smlined in 34,21 - 545
lests should be mixle on sodutions from which the 50k has been remaved.
Far this removal proceed as im 159017008,

(1] Place 1000 g = 0001 g of the cement in o 150 mL
beaker and disperse with 200 mL of water using a swirling

miotion of the beaker, While still swirling add 5.0 mL of HC all
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at e, Dilute immediately o 300ml with water, Break up any
Tumps of cement remaining undispersed with a Qat-end stirming
rod. Digest on a steam bath or hot plate for 15 min, then Glier
through a medivm-texmred filter paper into a 100 mL volumet-
ric Mask. Wash beaker and paper thoroughly with hot-water,
corl contents of the flask to room tempersture, diluie to
100 mL, and mix the solution thoroughly. Continee as given in
19:1.7.2.

(20 Plage 1000 g £ WM g oof cement g o platinem
evaporating dish and disperse with 10 mL of water using a
swiring modion, While still swirling. add 5.0 mL of HC] all ag
once, Break up any lumps with a Aat-end stiering rod and
evaporate 0 dryoess on g steom both, Make certam that the
gelatinous appearance 1= no longer evident, Treal the residue
with 2.5 mL of HCl and about 200 mL of water. Digest on a
steam bath for 5 min to 1) min and filier immediately through
a B em medium-textured filter paper into a 10 mL volumetric
flask, Wash thoroughly with repeated small amounts of hot
witer until the total volume of solution is 80 ml o 95 ml.
Cool o moom lemperatore, dilute w the maork, and mix
thoroughly.

3 When it has been demonstrated that the removal of
580, is necessary to obiain the required accuracy described in
54210 - 543 for a specific Aame photometer, 300, must
always be removed when making analyses that are used as the
basis for mejection of a cement for ailure w comply with
specifications or where specification compliance may be in
question. Where there = no guestion as to specification
compliance, analyses may be made by such instruments
without 5iCl, removal provided the deviations from centificans
values obiained by the tests prescribed in 5.4.2.1 = 5,4.3 are nog
more than twice the indicated hmits,

1172 If the test method in use reguires more dilute
solutions, an internal standard, or both, carry out the same
dilutions as in 19.1.54 as needed. The standard and the sample
aplutions 1o be analyzed must be prepared in the same way and
I the same dilunon as the solutions of standard cements
analyzed for the qualification of the instrument,

1173 Proceduwre for Na,0¢ {(Node 60)—Warm uwp and
adjust the instrument for the determination of Na.(d as de-
scribbed in 19, 1.6 1. Immediately following the adjustiment and
without changing any instrumental seflings, alomize the ce-
mienl solution amd oote the scale reading (Mode 590, Select the
standard  sodutions which immediately  brocket the cement
solution in Nay(d content and observe their readings. Their
values should agree with the valwes previously established
during calibration of the apparaws. If not, recalibrate the
apparatus for that constituent, Finally, altemate the use of the
unknown solution and the bracketing standard solutions until
readings of the unknown agree within one division on the
transmission of meter scale, or within (L0 weight percent for
instruments with digital readowt, ond readings for the standords
similarly agree with the calibration values. Record the average
of the last two readings obtained for the unknown solution,

Mome 5%—The order in deesminkng Mo, 0 or KO0 s ogibosal. In all
caszs, however, the determination should mmmediavely Tolkew the adjusi-
mend of the imstrument or thal pasticular oormbbeent.

19.1.7.4 If ihe reading exceeds the scale maximum, either
transfer a 30 mL aliquot of the solution prepared in 19.1.7.1 1o
a 100 mL volumetric Aask or, if desired, prepare a new solution
b wsing 0500 g of cement and 2.5 ml of HCI (insiead of
S0 ml)in the inital addition of acid, In the eveni silica has 1o
he removed from the 0.5 g sample of cement, eat the
dehydrated material with .25 mL of HC1 and aboot 20 mL of
water, then digest, filter, and wash, In cither case, sdd 5.0 mL
of calcium chloride stock solution {19.1.5.1) before diluting o
mirk with water. Dilute to the mark. Proceed as in 19.1.5.4 if
more dilute solutions are required by the test method in use.
Dietermine the alkali content of this solution as described in
(19, 1.7.3) and multiply by a factor of 2 the percentage of alkali
oxide.

1175 Procedure for K {0—Repeat the procedure de-
sertbed in 1900.7.3 except that the instrument shall be adjusted
for the determination of KO, For instruments that read both
Mo and KO simultaneously, determine KO at the =same
ke s determinimg Ma, O,

19 1.8 Colewlation and Repori—From the recorded  aver-
ages Tor Moy and B0 in the unknown sample, report each
oxide rounded in aceordance with Table 3.

192 Water-Sofuble Alkalies:

Mo B—The determanation of water-soluble alkali shoukl ms be
Comsicdlered a5 a substitute For the determination of weal alkal scoording o
191200 we 1 0E, Moreowes, it s nol w be assumed thar im this methed
all water-salubde alkali in the cement will be dissodved. Sinct ndberence o
the procedure described is essentinl where there i a specified limit on the
cowvient of wmier-soluble alknli or where severnl bois of cememnd nre
compared on the basis of water-seluble alkali.

19.2. 1 Procediere;

19.2.1,1 Weigh 23,0 g of sample into a 500 mL Erdenmeyer
flask and add 250 ml of water. Stopper the Aask with a ubber
stopper and shake continuously for 10 min at room tempera-
ture, Filier through a Bilichner funnel which confains a well-
septed retentive, dry filter paper, info a 300 ml. filtering Aask,
using a weak vacoum. Do not wash.

19.2.1.2 Transfier a 50 mL aliguot {Mote 615 of the filirate o
a [0 mL volumeiric Aask and acidify with (L5 mL of concen-
trated HCIL {sp gr 1.19). Add 9.0 mL of stock CaCl, soluwion
(63 D00 ppm Cald). described in 19.1.5.1. to the 100 mL Aask,
amd dilute the solution to 100 mL. I the test method in use
requires more dilute solutions, an internal standard, or both,
carry out the same dilutions as in 1% 1.5.4, a5 needed. Deter-
mine the Ma,D and K0 contents of this solution as described
in 19.1.7.3 and 19.1.7.5. REecord the parts per million of each
alkaly n the seluton in the 100 mL Dask.

More B1—The aliguot of cthe filirae whken for e analyeis should be
b oo the expected water-soluble alkali content, IF the expecoed kevel of
gither KO0 or MasChis mare thon 0,08 sweight % of cement, or if the water
soluble alkali kevel is unknesn, a Sbml aliguet as given in 19.2.1.2
should be nsed 1o make up the imitial best solution. I sither the Ma, O ar
KO encoads UL 16 %, place a SO ml alkusl of the seluben from 192212
ima W mL volumseine fask, adkl 5 mL ol Call, spock solutsn, and dilute
o |0kl el W hem thee leved of either KO or Mag0 s bess than (008 %5, ke
a 100 bl aligeor from the original filiraee (obained by 1920000, add
1 mL of HCL and evaporsie on o hot plae in a 250 mL beaker o abour
Tml. Add 8 ml. of siock Cal’ly solution and trunsfer the sample 1o a
Ik ml. walumedric fask, rinsing the beaber with 8 small portion of
distilled water. Cowd the solumiion o mom tempermure amd  dilule o
10k .
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19.2.2 Colealafons—Calculae the percentage of the water-
apluble alkali, expressed as Ma 00, as follows:

Tatal water — solshle alkali. ns H.I._.'D =A+E {10
A =BV =10)
C o= DV = 10)
E = =658
where:
A = percentage of water-soluble sodium oxide (Na, (),
v = millilitres of original filirate in the 100 mL. Aask,
B = parts per million of Ma, 0 in the solution in the
100 mlL. Aask,
L = percent of water-=oluble potassiom oxsde (K00,
T = pars per million of K0 i the 100 mL fask,
E = percentage Mo, O equivalent to KO determined, and
(658 = molecular ratio of Na0 o K0

Report the result rounded in accordance with Table 3.

. Manganic Oxide (Referermce Method)

2001 Spempmary of Method—In this procedure, mangonic
oxide 15 determined volumetacally by tiraton with sodium
arsenite sodution after oxidizing the manganese in the cement
with sodium metabizmuothote (MaBik),

202 Reagents:

20.2.1 Serdisern Arsenite, Sranmidared Eolwtion
(1 mL = 03 g MngOy ) —Dassolve in 100 mL of water 3.0 g
of sodivm carbonate (MNaC05) amd then 090 g of arsenic
irioside (As05) heating the maxwre until the solution 15 as
complete as possible, I the sodution 15 nol clear or contains a
residue, filter the solution, Cool it io room temperatine, iransfer
o g volumetric flask, and dilute 1o 1 L.

20.2.1.1 Dvssolve 058 g of potassium  permanganate
(EMniy) in | L oof water and standardize it against about
003 g of sodiom oxalate (MNeC.0,) oxidimetric standard
furnished by MIST (Standard Sample Mo, 0 or s reploce-
ment} according o the directions Turmished with the =odium
oxlate, Put 300 mL of the EMo0y solution m o 250 mL
Edenmeyer fask. Add 60 mL of HNO, (144} and 10 mL of
sodium natrite (MNaMO5, 50 /L) o the fask. Bodl the solution
wntil the HNOS 15 completely expelled, Cool the solution, add
MaBi(d,, and finish by titeating with the standard sodivm
arsenite (MaAs0h) solution as described in 20032, Calculane

the manganic oxide (Mn,0;) equivalent of the MaAs(,
solution, gfml., as follows:
E = (A = T.OR|/BC (1)
where:
E = Mn.(}, equivalent of the MaA=0, solution, gfmL,
A = grams of MayC0, used,
g = millilitres of KMo, solution required by the
MaC.0,.
O = millilires of MaAsO. solution required by 300 mL of
KM, solution, and
T8 = molecular ratio of Moy o §F MaC,0, (0.236)

multiplied by 3000 {millilitres of KM, solution),

200,2.2 Sedlivee Metabdsmuthore (MaBiO,),
20023 Sadinm Nitrife Solution (500 g NaNOGL)

203 Provedwre:

20031 Weigh 1.0 g w0 3.0 g of the sample (Note 62) into a
250 ml. beaker amd trent it with 5 ml 1o 10 ml of water and
then with 60 mL o 75 mL of HNO, (1+4), Boil the mixnre
until the solution is as complete as possible. Add 10 ml. of
MaMO, solution (30 g/L) o the solution and boil it until the
nitrous acid is completely expelled (Mote 63), taking care not
to allow the volume of the solution to become s0 small as to
cause the precipitation of gelatinous 50, There may be some
separated Si0)., which may be ignored, but if there is still a red
or brown residue, use more MaMNO, solution (50 /L) to effect
a complete decomposition, and then boil again o expel the
nitrous aoid. Filter the solution through a mediom-texiored
paper into & 250 mL Edenmeyer Aask and wash the lier paper
with water.

Mere 62—The amount of cemenl aken For aalvas depends on the
comtem of manganess, varving from 1 g for aboat 1% of MO v 3 g for
025 % or bese af Mn,(,,

Mo f3When NaNO, is added. the expalsion of HNC:, by boiling
must be complete. 1T any HNCL remains in the sodution, it will react with
the ackled MaBi(h, md decrease s oxadizing value, 150 there B any
manganese in e cement, thee first small guantity ol MaBitk, should bring
ouil o parple calor,

2032 The sodution should have a velume of 100mL 1w
125 mL., Cool it w room tempersture, To the solution add a
total of 0.5 g of MaBi0y in =mall quantities, while shoking
mtermittently, Afer the addivon s completed, shake the
sedution occasionally for 5 min and then add g v 30 mL of cool
HMOy, (1433} which has been previously boiled o expel
nitrous acid. Filler the soluion through a pad of ignited
asbesios in g Gooch crucible or a carbon or friteed-glass filter
with the aid of suction. Wash the residue four times with the
cool HMO, (1+33). Titrate the filirate immediately with the
standard solution of MaAs(,. The end point is reached when a
vellow color is obfained free of brown or purple tinis and docs
nok change upon further addition of NaAsC, solution.

20133 Hlank—Mauke o blank determination, following the
sume procedurs and using the same amounts of reagents, and
correct the results obdained in the amaly=s accordingly.

2004 Colewlate the percentage of MOyt the nearest 0,01
s follows:

Mn, 0,. % = [EVIS]} = 100 S
where:
E = Mn,0y equivalent of the MaAsO, solution, g/fmL,
Vo= millilitres of MaAs(y, solution required by the sample,
and
5 = prams of sample wsed,

Beport the result rounded in accordomee with Table 3,

21. Chloride | Reference Test Metinod)

210 Swemmery of Test Metod—In this test method acid-
soduble chloride content of cement is determined by the
potentiometric titration of chlorde with silver nitrate (sec Note
64}, The procedure is also applicable to clinker and portlond
cement raw mix. Under the conditions of the test, no constitu-
ent normally present in these materials will interfere (see MNote
5],
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Mome fidb—In most cmses acid-solshle chlonide comend of o ponlamd
cement is iodal chlonde comiend.

Mome 65-—Species that form inspduble silver salis or stable silver
complexes in acid soluion imerfere with potentiometric measorements.
Thus, sdides and bromides mperlere while fuworices will not. Sultnde sales
i concentrations ypecal of these materals should nod interfere becanse
they are decomiposed by acid iremment,

21.2 Apparatus:

21.2.1 Chivride, Silver/Sulfide fon Selective Electrode, or a
silver biller electrode coamed with silver chlonde (Mow 6,
with an appropriate reference ehectrode,

21.2.2 Potensiowneter, with millivoln scale readable 1o 1 mV
of better, A digital read-out is preferred but not required,

21.2.3 Buret, Class A, 10 mL capacity with 0,05 mL divi-
sions, A buret of the poentiometnic type, having a displaced
delivery tip, is convenient, but nob required,

Mome Gh—Sulable clectrodes are available from Oron, Beckinan
Irsimamenis, and Leeds amd Marhrup, Carefully folkesing the manudac-
turer’s instractions, kld filling solmion 0 the electrades, The silver bilke
electmdes mast be coated electrolyvtically with a thin, even layer of silver
chiloride. Ter coat the elecirode. dip the clean silver hillet of the elecirode
b i saturabed seluti of potassium chloride (about Sy an waler anxd
paris an elecine current through the ebactrods froma 2 Vo s Y dry cell
with the silver biller ¢lecode conmecsed o the positive enminal of the
buitery. A carbon rod from an all-dry cell or other suiahle dlecimode is
comnectsd 10 the megotive erminal omd immersed in the solmion o
complete the electrical circuil. When the silver chioride coating wears off,
il is mecessiry b rejuvemate the electrode by repeatimg the above
procedure. All of the pld slver chlorkde shoukl frst be removed from the
silver hillet by robbing a0 gemly with lme emery paper followed by waler
rinsing of the ballet.

21.3 Reagenis:

2150 Sadinm Chiloride (NaCl), primary standard grude.

21.3.2 Eilver MNitrate (AgMNOS), reagent grsde,

2133 Porassivem Chivride (KCI), reagent grade (reguined
for silver biller electrode only),

21.3.4 Beagend Woler, use reagent water o defined in 3,22,

214 Preparartion of Selulions:

21.4.1 Sodiwn Chloride, Standard Solwtion (005 N
MaCly—Dry sodivm chloride (NaCTy at 105 "C oo 10 °C woa
constant weight. Weigh 29222 g of dried reagent, Dissolve in
water and dilute 1w exactly | L in a volumetric flask and mix
thoroughly. This solution is the standard and requires no further
standardization,

21.4.2 Silver Mitrgre, Srvndard Sedietfon (003 N AghO,)-
Drissolve 4938 g of silver nitrate (AgNO,) in water. Dilute to
1 L in a volumeiric Aask and mix thoroughly, Standardize
against 5,00 mL of standard (.05 & sodium chlorde solution
diluted o 150 mL with water following the titration test
method given in 21.5.4 beginning with the second senience.
The exact normality shall be caleulated from the average of
three determinations as follows:

o= h25/V {13}
where:
N = normaliny of ApNO; solution,
0,25 = milliegquivalents NaCl (5.0 mL = 0005 A, and
v = wvolume of AgMO=oluiion, mlL.

Commercially available standard solutions may be used
provided the nrormality is checked according to the standard-
1zition procedure.

2

21.4.3 Methy! Ovange Indicaror—Prepare a solution con-
taining 2 g of methyl orange per litre of 93 % ethyl alcohol,

213 Procedure:

2151 Weigh a 5.0 g sample of the cement into a 250 mL
beaker (Mote 67). Diaperse the sample with 75 mL of water.
Without delay slowly add 25 ml. of dilute (1+1) pitrc acid,
breaking up any lumps with a glass rod. IF the smell of
hydrogen sulfide is strongly evident at this point, add 3 mL of
hydrogen peroxide (30 % solution) {Note 68). Add 3 drops of
methyl orange indicator and stir. Cover the beaker with a waich
glass and allow to stand for | min to 2 min, If a yellow to
yvellow-orange color appears on top of the setiled solids, the
solution is not sufficiently acidic. Add sdditional dilute nitric
ncid { 14 1) dropwise while stirring undil o faint pink or red color
persists. Then add 10 drops in excess. Heat the covered beaker
rapidly o boiling, Do not allow o boil for more than o few
seconds, Remove from ihe hou plate (Note 69),

More 67—Use & 5 g samiple for cement and other materials having an
expecied chlorile coneni of less than abaoug (013 % CL. Lse propaortiemally
smaller sampes frr materials with higher chboride concemtrations. Use
cement and other powdered materials as = without grimding. Coarse
samples require grinding oo pass a M-mesh sieve. If a sample is oo fine,
excessive sbca gel may Tomm during digeston with mre acid, thereby
shivwing subseguent Dltraimn.

More f8—Skags and slag cemems conciin sulfide salfur in concentra-
s that con inverfere with e detenmination,

Mome 58— is imporiant io keep the beaker covered during heating nnel
digestion o prevend the boss of chloride by woladlizmion. Excessive
amwmizs af acid should not be used simoe this resulis in eady remaval of
W silvier chilomde coating Irom the silver balkel elecirode. A slurry thal is
oaly shghly acidic is sullicient.

21.5.2 Wush a Yem coarse-textured filter paper with four
25 mL increments of water wsing suction filtening provided by
a 250 mL or 300 mL Bichner funnel and filimion Mask.
Dhscord the washings and nnse the fask once with o small
portion of waler, Bepssemble the sucuon apparatus and filer
the sample solution, Rinse the beaker and the filter paper twice
with small portions of water, Transfer the filtrate from the flask
to o 23 ml. beaker and rinse the fask once with water. The
original beaker may be used (Nowe 70). Cool the filtrate 1o
roim femperature, The volume should not exceed 1735 ml,

Mo Tl is not necessary o chean all the slurry residue from the
siles of the beaker nor is # necessary that the filter remove all of the fine
malerial. The miration mey lake place ina solution containing a small
il ol solid meiter,

21.5.3 For instruments equipped with dial readout o is
necessary 0 establish an approximate “equivalence point™ by
imimersing the electrodes inoa beaker of water and adjusting the
instrument 1o read about 200 mY lower than mid-scale, Record
the approximate millivolimeter reading. Remove the beaker
amd wipe the electrodes with absorbent paper.

21.5.4 To the conled sample (Mote 71} beaker from 21.5.2,
carefully pipet 200 ml of sandard 005 N MaCl solution.
Place the beaker on a magnetic stimer and add a TFE-
fluorocarbon-coated magnetic stirring har. Immerse the clec-
trowbes into the solution taking care that the stirring bar docs not
strike the clectrodes; begin stirring gently. Place the delivery
tip of the 10 mL burct, filled to the mark with standard 0,03 &
silver nitrate solution, in (preferablyy or above the solution
(Mote T2).
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Mome Tl—N is mdvisable t© maintnin consiam emperature daring
measurement. for the solubiliy reladosship of silver chlonde vares
markedly with temperaun: al low oomcenirlions

Mome T2—IF the iip of the buret is out of the solmion, any ndhering
droplel shoubd be rinsed o the beaker with a few millilires of waler
following each Hiralkon ncrement.

2155 Gradually weeate, record the amount of standard
(L5 W silver nitrate solution required to bring the millivolime-
ter reading to -60.0 mY of the equivalence point determined in
the wier,

21.5.6 Continue the titretion with (.20 mL increments. Re-
cord the burct reading and the comresponding millivolimeter
reading in columns | and 2 of a four-column recording form
Iike that =hown in Appendiz X1, Allow sufficient tme between
cach addition for the electrodes to reach equilibrium with the
sample solution. Experience has shown that accepiable read-
ings are oblained when the minimum scale reading does not
change within & 5 5 period {usually within 2 min).

21.5.7 As the cquivalence point is approached, the equal
additions of AgMNO, solution will cause larger and larger
changes in the millivoltmeter readings, Past the equivalence
point the change per increment will agnin decrease. Continue
i gitrate until three readings past the approximate equivalence
point have been recorded,

21.5.8 Cakculate the difference in millivolt readings between
successive ndditions of titrant and enter the values in column 3
of the recording form. Caleulate the difference between con-
seculive values in column 3 and enter the results in column 4,
The equivalence point of the tiration will be within the
maximum A mY interval recorded in column 3. The precise
equivalence point can be interpolated from the data listed in
column 4 as shown in the Appendiz X1,

21.5.4% Bianki—Make o blank determination using 75 mL of
water in place of the sample, following the same procedure
starting with the third sentence of 21,5, 1 without delay, Correct
the results obtained in the analysis accordingly (Mote 730 by
subtracting the blank.

216 Celewlonion—Calculate the percent chloride o the
nearest (L001 % as folbows:

AS4S(V, - VI N

Cl, % = m {14}
where:
V, = millilitres of (.05 ¥ AgNO, solution used for sumple
titration {equivalence point).
V. = millilitres of (L5 N AgNOy, solution used for blank
titration {equivalence point),
N o = exact normality of 003 N AgMNO, solution, and
W = weight of sample, g

Report the result rounded in accordance with Tabhle 3.

Mome T3—For nonreferes analvsis the blank may be omined,

22, Chloroferm-Soluble Organic Substances (Reference
Test Method)

221 Summary of Test Method—This 1es1 method” was
specially designed for the determination of Vinsol resin and
tallow in portland cement, although mineral oil, common rosin,
calciuim stearate, and other faiy acid compounds, and probably
soime other substances, if present, will be included in the
determination, Extreme care is necessary in the entine proce-
dure. The test method may be applied 1o types of cement other
than portland cement, although if the coment contains a large
amount of acid-insoluble matter, the emulsions may separate
slowly, and less vigorous shaking, more chloroform, and more
washing may e necessary.

222 Reagenis:

2221 Chlomform—If the blank determination as described
im 2235 exceads (WS g, the chloroform should be distilled
before wse. Chlomoform recovered in the procedure may be
slightly acid but can be reused for the portions 0 be shaken
with the ngueous ackd solution of the sample inthe 1 L funnel.
Chloroform used for washing the filier and transferming the
extract should be fresh or distilled from fresh chlorotform.

2222 Kwmrons Chioride (5nCl, ).

223 Provedure:

22.3.1 Pluce #0 g of cement in o 1 L Sguibb separatory
funnel {Note 749 and mix it with 320 mL of water added in two
gpprocimiely egual portions, Shoke vigoroosly immediately
alter the addivion of the fist porton o effect complete
dispersion, Then add the second podion and shake agan, At
once add rapidly 185 mL of HCT in which 10 g of SnCl, (Mo
750 have been dissolved, ropadly insert the siopper in the
funnel, mved, and shake with a swirling motion for o few
seconds 1o loosen and disperse all the cement, taking care 1w
avord the development of great intemal pressure dug o
unnecessarily violent shaking, Release internal pressure imme-
diately by opening and closing the stopeock. Repeat the
shaking and release the pressure until the decomposition of the
cement is complete, IF necessary, break up persisient lumps
with a leng glass rod. Cool o room temperature rapidly by
allowing tap water to run on the flask.

Moms T4—The wse of grease o lobricate the siopoocks and glnss
stoppers of the sepambory Ffunnels shoubd be avoided. Welting the
stopoocks with water hefore using will assist in their easy operation.

Mote T5—The purpose ol ke SnCl, s W prevest the oxidalion of
aulfidee sullur o elemental sullur. whech is soluble mchlralonm.

22.3.2 Add 75 mL of chloroform o the solution, stopper the
funnel, shake it vigorously for 5 min, and allow the water and
chloroform to stand 15 min to separate. Draw off the lower
chlorolorm layer mto a 125 mL Squibb separatory Tunmel,
including the scum (Mote 76) and a few millilires of the
agqueous layer, moking certam that all the =cum s translermed.
Keep the amount of the agqueces loyer transferred o om
absolute minimuom, since excessive water i the 125 mL funnel
iy result in meomplete extraction of the scum and may cause

" The 1905 revislon of these sl methiods delessd the methony] st method o
determamng ¥ireasd resin, Those micrestod in this desdt method shoukd refer o the
PO Baalk of ASTM Stomdorals, Pan 9.
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an emulsion which does not separate readily, Shake the funnel
vigorously o ensure the complete exteaction of the scum,
Allow the chloroform w separate, and draw it inio a 230 ml.
Squibb separatory funnel which contains 50 mL of water and a
few drops of HCIL making sure 1o keep the scum behind in the
125 ml. funnel. Shake the 250 ml funsel, and draw the
chloroform into another 230 mL funnel that contains 50 mL of
water and a few drops of HCL Shake this funnel as in the case
of the first 250 mL funncl. When the chloroform separates,
draw it into a standard-taper Aai-botbom boiling flask {Mote
T71, taking care not to allow any water o enter the flask.

Meme The=There is usually a dark cokwed soum at the lkquid inlerface.
It may comtaan chilomalonn-solsble organee subslance alter shaking in the
funnel, where the propomion of waier to chlorofonm is great. It may be
concentrged snd confised vo a small volumss: by gemily owirling the: fone
nfter the scum hos heen draswn inio the narrower pam of the fumnel.

Meme 77—The bhguid & later distilled. Mo cork or rubber stoppers
shoald be used. A 250 mL or 300 mL soil analysis fask, fitled with a
comdenser ube by means of @ groumsd joinl is satsfactory, The obe may
b benl near the neck amd the remaning part ficled with a water-oooling
Jecker Chloraform thus recovered may be revsed as deseribed o 22200,

2233 Add 25 mb of chloroform o the solution in the
original 1 L separatory funnel, and carry out the operations as
descnbed in 22,32, retaining the onginal wash water in the
230 mL funnels, Bepeat, vsing another 23 mL portion of
chloroforn,

2254 Distill the combined chloroform exteacts in the
boiling Aask until their volume is reduced 1w 10 mL w 15 mlL.,
Filter the remaining liquid into a weighed 100 mL glass beaker
or platinum dish {Mote 7H) through o small mediom-texiured
filter paper that has been washed with fresh chlorofonm. Rinse
the flask and wash the paper with several small portions of
fresh chloroform. Evaporate the exiracts at a low temperature
(mot over 63 °C) to dryness {Mote 79) and heat it in an oven at
57 50 o 63 °C tor 3 min. Pass dry air into the vessel for 15 =,
cool, and weigh. Repeat the heating and weighing until two
successive weighings do not differ by more than 00010 g, The
higher of the lnst bwo weighis shall be token as the true weight.

More TE—A planmam dish s preferable, a5 00 gquickly atiams the
temperaiume of e balance. [Fa glass beaker is used. it should be allowed
v sxand in the case of the halance for an leasa 20 min before weighing.

Mome T9—{Care shoubd be wken im drying tbe eximct, ns many of the
chilprafrm-snluble arganic suhstnnces are someswhn volatile when heavsd
for a lng time at even moderaie temperatures. With progection from the
accumulation of dust. the selution may be evaporaied & mom lemperature
overmaghl.

When aguick evaporation i desinead, the solution may be evaporated on
a bot plane s low et under a stream of dry alir through & plass ke (abom
Bk o in imsidie diamssier) umil e s abour 3 i depth, Then remove
the vessel from the kot plabe and continge a slow siream of dry air umil
the residue nppears dry. Then comtinue with a mare mpad simeam of dry air
for 5 min al room lemperabure before placing the vessel in the oven al
57 o 63 "C. Afber each 3 min heating peridd in the oven, pass dry air
mia the vessel lor aboul 15 < befone weighing. The air may be dred by
parssang il through a cheap disiocant, such as calcaum chlonde or =allaric
acid, followsd by & desiccam of high efficiency. ssch as magnesium
perchlorse or anhydrous cabeivm solfae, with care taken o avoid the
carrying of dusi froem the desiceand by the nir Insiead of ising compressad
uir, which is afien contnmingted with ail, din, and maisiore, one con place
the chivoform selution under a bell gliss and induce a stream of air
thrugh the desiccamis by means of an aspirator or vacuom pump.

When Vinsol resin is known e be the only substance gresent, the
residue 15 e stable and may be heated ar 1D "C o TS "CL insseasd of

n

87 90 v 663 "C, in aonder 1o expel nll prssibée imees of chlorofonm.

2235 Blank—Make o blank determination, Igoie a g
sample of the cement ot 930 °C po 1D “C for | h (Mote 80)
andd regrind, Treat this ignited sample by the same procedure
amd using the same reagents as in the analysis and correct the
results aceordingly,

Mome B—Care should be inken in compleiely buarn off the argonic
suthstnnee, A 10K ml. flar platinum dish, in which the somple is well spreac
oul, and o mufile furnace are advised for this purpose. IF such a fumace is
noit available, a large high-lemperatore bumner of the Meker type may be
used. Thorough stirring of the sample should be done Frequently—every
5 mim when o bumer is usxl,

224 Colewlation—Calculate the percentage of chloroform-
soluble organic substances to the nearest (U001 by muoliplying
the weight in grams of residue (Mote 1) by 2.5 (100 divided
by the weight of the smple vsed (40 gl Bepon the result
rounded in pecordinee with Table 3,

More 81— the organic subsiancs m the cement is tallow, the residoe
is Ui Faiy aceds resuliing Froen the Bydmlyses of the wallow in the hot acid
solumion. and its weight should be uhiplicd by 105 o give the weight of
the original glycerides in the talbow, IF the original substance is calcinm
segrate, the residue is stearic ocid, and iis weight mubiiplied by 107 gives
the weight of calcinom stearate.

ALTERNATIVE TEST METHODDS

238, Caleium Oxide (Alernative Test Mathod)

230 Suwmmary of Test Meshod:

25 1.1 This test method covers the grovimetric determina-
tion of Cald after removal of 50, and the ammonium
hydroxide groups and double precipitution of calcium as the
oxalpte. The precipitate 15 converted o CaC) by ignition and 15
welzhed.

2302 Srontum, wseally present in portland cement as a
minor constiluent, 1% precipitated wath calciom oz the oxalae
ared 15 subsequently calculaed as Cald, I7 the Sr0 content 15
known and comection of Cal for Sr0 is desired as, for
example, for research purposses or o compoare results with
CEM certificate values, the Cal} obtained by this test methaod
may be corrected by subiracting percent 500, In determining
conformance of a cement 10 specifications the correction of
Cald for S0 should not be made.

232 Provedurse (Note B2)

23.2.1 Acidify the combined filtrates obtained in the deter-
mination of the ammonium hvdroxide group (9.0 - 9.3) amd, if
necessary, evaporate to a volume of about 200 mL., Add 5 mL
of HCL, a few drops of methyl red indicator solution, and
I mL of warm ammoniom oxalae solution (30 gL} (Mo
38). Heat the solution to 70 °C to 80 °C and add NH,OH (1+1)
dropwise with stirring until the color changes from red to
vellow {see Note 39 Allow the solution to stand without
further heating for | h inot longer), with occasional stirring
during the first 30 min. Filter using a retentive paper and wash
moderately with cold ammoniuom oxalate soluiion (1 @/l
Reserve the filtrate and weashings,

Mo B2—When amalyses are being made for determining conformity
o specifications and there is a pessihility that sufficient manganese will be
preseml b carse Che parcentage of magnesinm determaned by alternale e
melbods b exceed b specificabion limil, mangamese may be remsoe as
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direcied in 15.3.2 hefore Cal) is determimed by this aliemnative esi
meifiod,

23.2.2 Transfer the precipitate and filter paper to the beaker
in which the precipitation was made. Dissolve the oxalate in
50 mL of hot HCD (1+4) and macerate the filier paper. Dilute to
200 mL with water, add a few drops of methy] red indicator and
20 mL of ammonium oxalate solution, heat the solution nearly
i hoiling, and precipitate calcium oxalaie again by neatraliz-
ing the acid solution with MHOH as described in 1531,
Allow the solution to stand 1 h to 2 h (standing for 2 h at this
point does no harm), filter, and wosh as before. Combine the
hiltrate with that already obtained and reserve for the determi-
nation of Mg (16.3.1).

23,23 Dry the precipitate in a weighed covered platinom
crugible, Char the paper without inflaming, bum the carbon o
as low a tlemperature as possible, and, fnally, heat with the
crucible Gghly coverad in an electric Turmoce or over & blast
lamp ot a temperatore of [0 °C w [200°C, Cool in a
desiceator amd weigh as Cal), Repeat the ignition to constant
weight,

23.24 Blank—Make a blank determination, following the
same procedure and using the same amounts of reagents, and
correct the results obiained in the analysis accordingly,

3.3 Ceelealirrionn:

23.3.1 Cakeulate the percentage of Cal) 1o the nearest 0,1 by
multiplying the weight in grams of Cal) by 200 {100 divided
by the weight of sample used (L3 g}

23.3.2 Correct the percent Cal for 5r0, if desired, hy
subtracting the percent S,

24, Carbon Dioxide {Reference Test Method)

24.1 Any test method may be vsed, provided that acceptable
performunce hos been demonstruted in pocordance with 24,2,
See Appendix X2 for puidance on methods,

24.2 Demonsirate performance by analysis, in duplicate, of
at lenst one Portland cement. Prepare three standards, each in
duplicate: Standard A shall be the selected Poriland cement;
Stomddord B shall be Standard A containimg 200 % Certilied
Call0y (such as MIST 915a); Standard C =hall be Standard A
containing 500 % Certified Cal0y, Prepare dupbicate speci-
mens of each standard, Asagn the COy content of Standard A
as the average of the two valves determined, provided they
agree within the required mat of Table 1, column 2. Assign
COs values o Standards B oand C oz follows: muluply the
Cenified CaC0y, value (Y) for OO, (from the cerificate value)
by the mass fraction of Certified CaC0y added o thar standard
(percentage added divided by 100} multiply the value deter-
mined for Standard A by the mass fraction of Sandard A in
cach of the ather standards (that is, (.98 and (.95 for Standards
B and C, respectively); add the two values for Standard A and
for Standard B, respectively; call these values B and C.

Example:

B = (L98A + (L02Y

C = 0954 + (L05Y

Where for Certified CaC0,, if ¥ = 4401 &%

B = 09EA 4+ (LES % by mass

Co=0854 4 2.20 % by mass

The difference between the duplicate OO0, values for Stan-
dards B and C, respectively, shall not exceed 0,17 % and
(L.24 % by mass, The difference between the average of the
duplicate values for Standards B and O and their assigned
values (B and C) shall not exceed 0,13 % and 0,26 % by mass
respectively,

24.3 Report the result rounded in accordance with Table 3.

25, Magnesiom Oxide (Alernative Test Method)

251 Swmmary of Test Mebhod—This alternofive test method
i5 i volumetric procedure suitable for use when the determi-
nations of silicon dioxide (50,0, aluminum oxide (AlO,),
ferric oxide (Fea(Oh), and calcium oxide (Co) are omitted,

252 Rapid Volmmetric Test Method { Tiration of Magne siom
Chopguinodare b2

253 Reagenis:
2331 Ammoniem Nirrare Soluvion (20 g NHNOWVL).
2532 Awemoniion Ohaplate Sodurion (50 gfL).

2533 Hydroxyguinoline Soflution—Dissolve 25 g of
B-hydroxyquinoline in 60 mL of acetic acid. When the solution
is compleie, dilute to 2 L with cold water. One millilitre of this
solution is equivalent to Q0016 g of Mgl

2554 Potassivm Bromare-Polfassion Bromide,  Stanadand
Serderion (0.2 Np—Dissolve 20 g of potassium bromide (KBr)
and 5.57 g of potassium bromate (KBr0,) in 200 mL of water
and dilute to 1 L. Obtain the ratio of the sirength of this
solution to thot of the 01 & Ma,5.0h solution (22.2.6) as
follows: To 200 mL of water in a 500 mL Erlenmeyer Aask add
250 mL of the 0.2 N KEBrD-EBr sodution, measured from a
pipet or buret, Add 20 mL of HCL stie, and add immediately
10 mil of potassiom iodide (K1 (250 g/L) Mix well amd titrate
at onee with the MNas5.04 solution until nearly colorless, Add
2 mb of storch soluton and tisate w the disappearance of the
bue color, Calculate the ratio in sirength of the KEr(,-KBr
sodution to the Ma, 5,00 solution by dividing the volume of
Ma, 5.0, solution by the volume of KBr,-KBr solution used
in the titration.

25.3.5 Porassiwn Todide Sodurion (230 g KIL),

2536 Sedien Thieswdfeere, Sthondond Solerion (001 N
Dvizanlve 25 g of sodium thiosulfate (Ma 5.0, - SHO) in
200 mL of water, add 0.1 g of sodium carbonate {Ma 000, and
dilute to | L. Let stand at least | weck. Standardize this
solution directly against primary standard potassiom dichro-
mate (KOs} One millilire of 0,10 & Na 5,0, solution is
cguivalent to (L0504 o of Mg

2537 Kwarch Solurion—To 500 mL of boiling water add a
cold suspension of 5 g of soluble starch in 25 ml of water, cool
to room temperaiure, add a cool solution of 5 g of sodivm
hydroxicde (MaldH) in 50 mL of water, add 15 g of K1, and mix
thoroughly.

254 Provedire:

2541 Disperse (1.5 g (Note 83) of the sample of cement in
a 408 mL beaker with 10 mL of water, using a swirling motion.
While still swirling, add 10 mL of HCI all at once. Dilute
immediately o 100 mL. Heat gently and grnind any coarse
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partickes with the Aattened end of a glass rod until decompo-
sition is complete, add 2 or 3 drops of HNO, and hear o
boiling (Mot 54).

Mome E3—IF 5ih,, ammonium hydroxide groap, and Cald are separaced
anl determined in accordnnce with the approprime sections For either the
reference or allemative lest methods, the remaining filtre may be used
foor e detenmimalion ol ¥l as descrbed in 254,10 siarting witl e third
fromn the lasl senlemoe oF 2542, “Sdd 5 mL ol HCL .7

Mome Bd—In the case of cemens coniaining blasi-fumace elag or a
significam quaniity of salfide sulfur, ndd 12 drops of Hhh:r_,, arel kil fowr
K mim o axidize iron and remove sulfide.

254.2 Add 3 drops of methyl red indicator 1o the solution
and then add NH,OH until the solution is distinctly yellow,
Heat this solution to boiling and boil for 50 s o 60 2. In the
cvent difficulty from bumping is expericnced while boiling the
ammoniacal selution, a digestion period of [0 min on a steam
bath, or a hot plate having the approximate temperature of a
steam bath, may be substituied for the 50 s o 6l boiling
period. Remove trom the burner, steam bath, or hot plate and
allow 1o =tand wntil the precipitate has settled. Using medium-
textured paper, filter the solution without delay, wash the
precipitate twice with hot MNH MOy (30 gf/L), and reserve the
filtrate. Transfer the precipitate with the filter paper o the
beaker and dissolve in 10 mL of HCLO1+1), Mocerate the Gler
paper. Dilute o about 100 mL and heat o boiling,
Reprecipitate, flter, and wash the hydmsides as above, Come-
bine this filrate omd woshings with those from the first
precipitation taking care that the volume does nol excesd
300 mL (Mote B5), Add 5 mL of HCL a few drops of methy] red
indicator solution and 3 mL of warm ammoenium oxalate
solution (50 g/L.), Heat the solution w0 *C o 80 °C amd add
MH,OH (1+1) dropwizse, while stirring, until the color changes
from red o yellow {see Mote 399, Allow the solution to stand
without further heating for 13 min on a steam bath,

Mome 83—In the cose of cements contnining blasi-fumascs slag. or
which are believed to comtain a signilficant quantity of mangamese, acidify
with HCL, evaporate s about 10 mL., and remave the mangamese, using
the procedure described in 1531,

2543 Add 10mL o 25 mL of the E-hydroxyquinoline
reagent {Mote 56) and then 4 mL of NHOHOD mL of
solution, Stir the solution on o mechanical stirring machine for
15 min and set aside until the precipitote has settled (Mote 57
Filter the solution using medium-textured paper and wash the
precipitate with hot NHOH ( 1+30) Dissolve the precipitate in
S0mL w T35 mL of hor HCL (149 in o 500 mL Erlenmever
Mask., Dalute the resuling solution wo 200 mL and add 15 mL of
HCL, Cool the =olution 1o 25 °C and add 10 mL o 35 mL of the
0.2 N EBrO-KBr solution (Mote 38) from a pipet or buret, Str
the solutbon and allow (o stamd for about 3 s (0 ensure
complete bromination. Add 10 mL of KI (250 g/L). Sur the
resulting solution well and then titeate with the 0.1 & Ma, 5.0,
solution until the color of the iodine becomes faintly yellow, At
this point add 2 ml of the starch solution and tirate the
solution o the disappearance of the blue color,

Mome Sf—An excess of the B-hydmxyquinoline rengent is needed
avaid o kw result for Mgk, bt too great an excess will vield high resulis.
The following guikle should be used to determine the ameant of reagem
adkled:

24

Approxirrate Conlard ol Approxinata Amaunl of

Mg, % Rissaganm Recpdned, ml
J=1.5 L[]

1.5 3.0 1]

A0 4.5 20

4.5 o Ea b

Mot 87—The precipetate shoald be filtered witkan an hoor, Prolomged
standing mey causs high resulis.

Mote B8—The amsount of the sandad KBrOy-KBr selatien ased
should be s Fodlowe:

Apprsimats Content of Amaunts of Standard

MgD, % KB —KBr Solution, mL
dtoi 1]
1oz 15
2ma 2
A4 ]
R w
5 bz B

2544 Blank—Muke a blunk determination, following the
same procedurs and vsing the same amounts of reagents, and
comect the resuli= obtained in the analysis pccordingly.

25.5 Colewlation—Calculate the percentage of Mg o the
nerest 0.1 as follows; (Mote 59)

Mplh % = E(V R — V] =206 (13)
wihiere!
E = Mg equivalent of the Ma, 5.0, solution, gfml.,
¥V, = millilitres of KBrD-EBr zolution wsed,
K = ratio in strength of the KBrD—-KBr solution o the
NH:S‘lﬂj ﬁ-U‘I'l.ﬂiiJ'ﬂ.
¥, = millilitres of Na,5,0, solution used. and
200y = 10 divided by the weight of sample used (L5 g).

Report the result rounded in accordance with Table 3,

Mo Be—W R represents the volunss of Mo S, 0 solution egolvalent o
the voldlume af h'.Hrﬂ_.—HHr solutiom used, V. represents the ampant af
M50, reguired by the excess KBEri—KHBr which is nat redoeed by
magresium axyquinalabe,

26. Loss on Ignition

20,1 Portland Blast-Fumace Slag Cenvent and Slay Cement
{Adrermative Test Method);

20000 Sy of Test Method—This wst method covers a
comection for the gain in weight due 1o oxidation of sulfides
usually present in such cement by determining the decrease in
the sulfide sulfur content during ignition, It gives essentially
the same result as the reference test method (18.2.1 through
18.2.3) which provides for applying a correction based on the
increase in 50, content.

26.01.2 Procedire!

26.1.2.1 Weigh | g of cement in a fared platinum crucible,
cover, and ignite in 8 muffle furnace at a temperature of
Q500 °C = 50 °C for 15 min. Cool o roeom femperature in a
desicentor and weigh, After weighing carefully transfer the
ignited material (o g 500 mL boiling flask. Break up any lumps
in the ignited cement with the Aattened end of a glass mod.
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26.1.2.2 Determing the sulfide sulfur content of the ignited
sample using the procedure described in 17.2.1 through 17.2.5,
Using the same procedure, also determine the sulfide sulfur
content of a portion of the cement that has not been ignited,

26.1.3 Colewlafon—Calculate the percentage loss of weight
oecurring during ignition (26.1,2.1) and add iwice the differ-
ence between the percentages of sulfide sulfur in the original
sample and ignited sample as determined in 26.1.2.2. Report
this value as the loss on ignition, rounded in accordance with
Table 3.

Mome W—IF a gain of weight is obealmed during the ignition, subarsc
the percentnge of gaim fram ihe carrection for sulfide oxidmion

27, Tianium Dioxide (Alternative Test Metfod)

271 Swmmagey of Test Method—In this test method, titaniom
dioxide (T} is determined colorimetrically by comparing
the color intensity of the peroxidized solution of the titanium in
the sample with the color mtensity of o peroxidized standord
solution of titanic sulfate.

272 fwerfersnces—Interfering elements in the peroxide
method for Tith, are vanadiom, malybdenum, and chromium.
Im very small quantitics the interference of the last two is
negligible, However, vanadium in very small guantitics causes
interference and, as some cements contain this element, the
Ma, U0y fusion (27.5.4) and extraction with water are neces-
SAry.

273 Apperranis:

2130 Codorimerer—The apparatus shall consist of a colo-
rimeter of the Kennicott or Duboseq ivpe, or other colorimeier
of spectrophotometer designed 1o measure light ransmittancy,
and suitable for measurcmenis at wavelengths between 400 nm
and 4500 nm.

214 Reagenis:

2040 Ammroniumy Chivride (MHCIL),

27.4.2 Ammaonium Nitrate (20 g NHMNOL ).

2045 Ferrous Sulfote Solution (1 mL = 0005 g Fe,Oy—
Dissolve 174 ¢ of ferrous sulfute (FeS0, - THLO) in water
containing 50 mL of Hy50; and dilute to 1 L. One millilitre 15
cguivakent to | % of Feiy in (L5 g of sample.

27.4.4 Hvdrogen Peroxide (5300 % —Concentrated hydrogen
peroxide {H4Oy 0.

2745 Sadivm Carboweare (20 g NaC04,/L).

2746 Sedivm or Polassiom Pyrosidfore (Na5.0, o
K.S.0)

2747 Tirande Swlfore, Srandand Solwiion {1 mL = (W02 2
Til,)—Use standard Tild, furnished by NIST {Standard
Sample 13 or its replacements), Dy for 2 b at 105 °C w
110 °C. Transfer a weighed amount, from 0.2 g o 0021 g of
the Tild, to a 125 mL Phillips beaker. Add 3 g of ammoniom
sulfate ((MH,)L,50) and 10 mL of H,50, o the beaker and
inscri a shori-siem glass funnel in the mowth of the beaker
Heat the mixture cautiously to incipient boiling while rodating
the Hask over a free Aame. Continue the heating until complete
solution has been effected and no unattacked material remains
on the wall of the Hask (Note 91). Cool and rapidly pour the
solution imto 200 mL of cold water while stiring vigorously,
Rinse the Aask and funnel with H50, (1419, stir, and let the

sidution and washings stand for ot least 24 b, Filter imoa 1L
vidumetric  fask, wash the filier thoroughly with H.50,
(1+19), diluge o the mark with Ho530, (1+19), and mix,

Morn ®1--There may be a smiall residue. but it shoald nol contain mare
than a trace of Te(), if the opembions bave been properly performed.

2748 Calculate the TiOy equivalent of the tanie sulfae
sedution, gml, as follows:

E = ARSI (1)
where:

E = T, equivalent of the T30, ), solution, ginl.,

A = grams of standard Ti0), used {comrected for loss on
drying},

i} = percentage of Ty m the standard T, o5 certified
by the Mational Instituie of Standards  and
Technology, divided by 100, and

1000 = number of millilitres in the volumetric Mask.

2.5 Procedure:

2751 Mix thoroughly 0.5 g of the sample of cement and
about 0.5 g of NH,Cl in a 30 mL beaker, cover the beaker with
a waich glass, and add cautiously 5 ml of HCL allowing the
acid o mun down the lip of the covered beaker. After the
chemical action has subsided, lift the cover, stir the mixiure
with o gluss rod, replace the cover, and set the beaker on a
steam bath for 30 min {MNote Y2), During this time of digestion,
stir the content= occaswonally and break up any remaining
lumps to facilitate the complete decomposition of the cement.
Fit o medium-textured hlter paper to o funnel and transfer the
precipitale o the fler Scub the beaker with a mubber
piliceman and rinse the beaker and policeman. Wash the filer
twer or three tmes with ot FCL (14995 and then with en o
twelve small porions of hot water, allowing esch portion o
dramn through completely,

Moms 92— hot plaie may be wsed instesd of o steam bah iF the heat
is =0 regulated ax o approximate that of o steam haih.

27.5.2 Transfer the filter and residue to a platinum crucible
(Mote 93), dry, and ignite slowly until the carbon of the paper
is completely consumed without inflaming. Treat the 590, thus
obtained with (L5 mL to 1 mL of water, about 10 mL of HF, and
I drop of H,50k,, and evaporate cautiously to dryness (MNoie
Lid),

More 93—When i s desired w0 shonen the procedure for purposes
nther tham referee amalysis, nsmally with litle soerifice of accuracy, the
proceclure given in 27.5.2 may be omiined,

More 9d—When a debermanation of Sild, is desred in adidstion o one
of Tith, the Sid, may be obtaimed ad reated with HF a3 dimected in
8230 through .24,

27.5.3 Hewt the Glicate w bodling and add MHOH unnl the
sedution becomes distinctly alkaline, as indicated by an ammo-
nigcal odor, Add a small amount of flier paper pulp o the
sedution and bodl for 5005 10 60 &, Allow the precipitate o setile,
filter through a medivm-texiured paper, and wash twice with
hot MHMNO, solution (20 g/L). Place the precipitate in the
platinum crucible in which the 5iC}, has been treated with HF
and igmite slowly until the carbon of the paper is consumed.

Mo 95--When a delerminaiion of ammaomum hydroxikle group is
desived i addition w o of Tilk, e precipitation amd ignalion may be
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maide as described in 921 - 5.2 4, However, the crnacible must coniain the
residue frivmn the reatment of the 50k, with HF unless circumsiances
permil ils amission as indicabed in Moie B,

2754 Add 5 g of Ma 005 w the crucible and fuse for
10 min co 15 min {see 24.2,1). Cool, separate the melt from the
crucible, amd transfer 1o a small beaker, Wash the crucible with
hot water, using a policeman. Digest the melt and washings
until the melt is completely disiniegrated, then flier through a
% cm medivm-texiured filier paper and wash a few times with
Ma,Cy (20 g/L). Discard the filtrate. Place the precipitate in
the platinum crucible and ignite slowly until the carbon of the
paper is consumed.

2755 Add 3 g of Na,5,0, or K.5.04 to the crucible and
heat below red heat until the residue s dissolved in the melt
(Mode 96, Cool and dissolve the fused mass in water contain-
ing 2.5 mL of H.30 . If necessary, reduce the volume of the
soluton (Mote 97). filter into a 100 mL volumetnic Qask
through o 7 em medium-textured filter paper, and wash with
hot water. Add 5 mL of HyPOy, and cool the solution to room
temperature, Add HaOs (10 mL of 30 % strength or ils squiva-
lent) (Mote 98], dilute w the moark with water, and mix
thoroughly.

More Sa—51arl the healing with Gaslon because pyrosulfales (alsoe
kEnown a5 fused bisollstes) @ received oflen foam amd spatier m the
beginning due 1w an excess of H,50. Avoid an onsecessanly high
wemperaime of unnecessanly prolonged beating, &5 fosed parosulfaes
may niteck platimim, A& supply of nonspattering pyrosulfaes oy e
prepured by heating some pyrosulfage in o plminem vessel te eliminnie the
excess H,500 and crushing the cool fused mass.

Mome §7-IF the soluin is evaporaled 10 oo small 2 volume amd
illowed #p cool, there may be a precipitoe of sulfates difficult
redissadve. In cose ol over-evaporation, do ot permil the comlents 10 ool
bul wld hot water and digest on a steam bath or bot plae ustil the
precipitan: is redissolved, with the possible eaception of a small ameant of
S0,

Mome 98—Hydrogen peronide deseriorases on sanding, [ soength
may he delermined by sdding 1 measured wolume of the solution
HWiml of eold warer amcd 10 mL of H,50; {11 ond ticrating with o
stunclard  solwien of potassivm permanganate (KMn(y; ) prepared in
accordance with 15.2.2. 1f the standard solution comtains {05357 g of
KMniddmle 485 mi ol o wall be reguimed by (.50 ml. of H,(, (30 %)

27.5.6 Prepare from the standard TUS0). solution a suit-
able reference standard solution or a serics of reference
standard solutions in 100 mL velumeiric fasks, depending
upon the type of colorimeter 1o be used. To cach solution add
3 g of Na.5,0, or K.5,0, dissolved in water. an amount of
FeS0, solution equivalent to the Fe,0, content in 0.5 g of the
cement under test, 2.5 mL of Ho50,, and 5 mL of HyPOy (Mote
. When the solution is at room femperature, wdd HoO,
(1.0 mL of 30 % strength or its equivalent), dilute to the mark
with water, and mix thoroughly (Note 100,

Meome 98%-The color imparied o the salution by Fe S0, is parily
ol by the bleackhing ellect of H,50,. H, POy, amd alkali salis on ferric
arel peritanic joms. The diections shoald be lolksved closely Tor the
highest degres of precision, However, when i ks desined o shomen this
procedure for purposes other than referee analysis, the addimion of
pyrosulfae, FeS0, sodution amd H, POy o cihe cobor campanison solutions
may he omiited provided the Fe,Cr, of the sample cemend is less than 5 9%,
This usually beads to litlle sacrifice 1o acouracy.

Mo [Hb~The color develops rapidly amd is s@ble for o safficiem
period of Eme, but if the peroxidized solutbeon is allowed to stand a kng
time, bulbibdes of oxveen may appear amd interfen: wilh color comparson,

gl

When the convenis of o mbe are firsi mixed, there may be fine bubhles
which shoukl he alkewed o clear up hefore the comparison is made.
Comparison between ihe standard and unkeoewsn sodution shoukd be made
noit less than 3 min afler addition of H.0k..

2757 Compare the color, light transmittancy, or ahsor-
bamce of the unknown solution with the reference standard
solution. The technique of comparing colored solutions or
MEasuring transmittancy or gbsorbance depends on the type of
pppargtus (see 27548 — 275000 and should be in accordance
with standard practice approprigte io the particular type used or
with instructions supplied by the manufacturer of the equip-
mient. If the peroxidized solution of cement is compared with a
single standard peroxsdized solution, bear in mind that a single
perosidized solution cannot be wsed for the whole cange in
Ty content that may be encountered. The difference i
vidume or depth for the two Lguids should oot exceed 50 % of
the smaller value, All solutions should contain the preseribed
concentrations of H,50,, H,POy, Fe, (500, and persulfare
excepd under the circumstances indicated in Mote 1060,

2158 Codovimeter of the Kenndeont Type—By means of a
plunger in a reservoir of standard peroxidized solution, adjust
the amount of solution through which light passes untl it gives
the same cobor intensity as the peroxidized solution of the
sample.

2759 Colorimerer of the Duboscg Twpe—Lower or raise
the plungers in the cups until the two solutions give the same
color intensity when viewed vertically. The color matching
may b done either visually or photoclecirically.

27510 Colorimerer  Designed 10 Measwre  Lighi
Tramsmittancy—The mepsurement should be made between
ALY po 450 nm and may be made either visually or photoelec-
trically. In most colonmeters of this type, the instrument is
calibrated with standard solutions and a calibration curve
showing the relation of light transmittaney or absorbance o
T, content is prepared in advance of the analysis of the
samiple for Tk,

2LE01 Blawk—Make a blank determination, following the
sume procedure and wsing the same omounts of reagent, and
cormect the resuliz obdained in the analy=s accordingly.

276 Coalowlaiion—Calculate the percentage of T,
rounded in accordance with Table 3, When a colonmeter
designed w measore ght tronsmittancy 15 used, read the
percentage of Tl from o calibration curve showing the
relotion of light intensity o Tid, comtent. When the peroxi-
dized solution of the =ample & compared with o single
reference standard solution, caleulate the percentage of Ti,, as
follows (Mot 101

2000 For Codovimeters of the Kenndoon Tope:

Till,. % = [ HOVES) = |DiC) (17
2762 For Colovimeters of the Duwboscg Tvpe:
T, % = [ 1D0VES ) = (FIG) (18]
where:
Vo= millilires of standard To SO0, solution in the peroxi-
dized standard solution,
E = uly equivalemt of the standard TuS0), solution,

gmL,
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grams of sample used,
al vidume of the perossdized relerence standard
solution, ml.,
volume of peroxidized reference stundard solution that
matches the peroxidized solution of the sample, mL,
depth of peroxidized reference  standard  solution
through which light posses, and
depth of peroxidized solution of the sample through
which light passes.

Meme 101 —The difference between £ and O ar between Fand & shoukd
it exceed 50 % of the smaller value.

nm

1]

T\ B O

&1

28, Phosphorus Pentoxide (Alternative Test Method)

281 Swmmary of Test Method—In this test method, phos-
phorus is determined volumetrically by precipitation of the
phosphorus as ammonium phosphomolybdote and titration
with Na(dH and H-500.,.

28.2 Reagenis:

28.2.1 Ammonivm Melvbdale Selufion—FPrepare the solu-
tion in accordance with 1131

28.2.2 Ammonium Nitraite (WH NO; ).

28,03 Porassim Nitrate Folution (10 g/L)—Dissolve 10 g
of podassiom niteate (KMNOG) in water freshly boled w expel
COs amed cooded, and diluee w1 L.

28.2.4 Sodinve Hyvdroxide, Btandard  Selution (0.3 M—
Dissolve 12 g of sodium hydroside (MaOH) i 1 L of water that
has been freshly boiled w expel COy, and cooled. Add 10 mL
of a freshly filtered, samrated solution of barium hydroxide
(BalOH), ) Shake the solution frequently for several hours, and
filter it Protect it from contamination by OO in the air
Standardize the solution against stamdard acid potassium phtha-
late (Standard Sample Moo 84) or benzoic acid (Standard
Sample Mo, 39 furnished by the Mational Institoie of Stan-
dards and Technology, sccording to the directions fumnished
with the standard. Calculate the phosphoms pentoxide (PL00)
cguivaleni (Moic 102) of the solution, g'ml. as follows:

£ = N = (LI30KG {19
where:
E = PO equivalent of the MaOH solution, gfmL,
N = normality of the NaOH solution, anad
DO030EG = Pu0y cquivalent of 1 & MNalOH solution, gfmlL.
Meme 102—The value of the selution is based on the ssuomption thal

the phosphorus in cement is precipitaled as ammaonium phosphamady bdale
(2N 3P - D20, ) and that the precipitale reacts with the MalH
splulion s

2(NH, }, PO, 12Mol), + 46Na0H = (20}

2{5H, ) HPO, + (NH,} Mal), + 23Na,Mol, + 22H,0

The number of (NE0ES is ohained by dividing the molecular weighi
of PoChk {14150 by 46 (for 46 NaOH in the eguoiion) and by 1000
{mumber of millilires in 1 L1

Ax dhe actual composition of the precipitale is influenced by the
comiditsmms under whach the precipilation s made, it is essential that all the
dettails ol the procedune are Tollowed closely as prescribed.

28.2.5 Sedium Nirrite {50 g NaMOSL)

28.2.6 Swifwric Acid, Swandard Solwiion (15 M—Dilute
4.0 mL of Hy30, to 1 L with water that has been freshly boiled

and eooled, Standardize against the standard MalODH soluton.
Dretermine the ratio in strength of the standard H;50, solution
to the standard MaOH solution by dividing the volume of
MalH solution by the volume of Ho530, solution used in the
titration,

28.3 Provedure:

2831 Weigh 1 g 1o 3 g of the sample (Mote 103) and 10 g
of MH,MNO; into a 1530 mL beaker. Mix the contents, add 10 mL
of HMOY,, and stir quickly, using the flattened end of o gluss rod
to crush lumps of cement, until the cement is completely
decomposed and the thick gel of silika (5105 is broken up.
Cover the beaker with a watch glass, place it on a water bath
or & hot plate at approximately 100 *C for 15 min o 20 min,
aed sor the contents occosonally duning the beating. Add
20 mL of hot water 1o the beaker and =tr the contents. If the
cement contains an appreciable amount of manganese, as
shown by the presence of a red or brown residue, add a few
millilitres of MaMNO5 (50 /L) o dissolve this residoe, Boal the
contents of the beaker wntl all nirous Tumes ore completely
expelled. This procedure should not take more than 5 min, and
water should be added to replace any lost by evaporation.
Filier, using medivm-textured paper, info a . beaker
under suction and with a platingm cone 0 support the filter
paper. Wash the residue of 50, with hot water until the
vilume of filirate and washings is about 150 ml.

Mom 103—The amounts of sample and reagents used depend on the
Comlend of phospherus an the cement. The minimum requiremsenls ane
spfficient al’ the cement contains (05 % POy or more. The maxinmum
amsounts are requined If the coment of PO, B 00 % or less,

28.3.2 Heat the solution to &9 °C o 71 °C, remove it from
the heat source, and immediaely add 50 mL oo 00 mL of the
ammonium molybdate solution. Sir the solution vigorously for
3 min, wash down the sides of the beaker with cool KMNO,
spdution (10 g/L), cover the beaker with a waitch glass, and
allow to stand 2 b, Using suction, filter the precipitate (Mote
[0, decanting the solution with as little disturbance 1o the
precipitate as possible. Stir the precipitate in the beaker with a
stream of the cool KMNO, solution, decant the liquid, then wash
the precipitate onto the filier. Scrub the stirring rod and beaker
with a policeman and wash the contents onto the flier. Wash
and precipitate until it is acid-free (Note 105), allowing each
portion of wash solution to be sucked completely through
before wdding the next.

Morte [M—The Dlter may beoa small mediom-texired Giller paper
supported by @ platinum cone, or o smell Hirsch fusnel may be used with
filver paper cut o fit and a thin mat of paper palp or acid-woshed nshesios
palp, The filiration should ke carried our with care 1o avoid any loss af the
precipitme, The filier shonld fit well, and the saction shoald be sinned
before filirmtion and mainiained until the end of the washing.

More 1S —Abour 1en washings are wsually required. Test the wenth
washing with ane drop of newral phenolphthalein indicaser and half &
drop of the siamdnrd NaOH solution. If a definiie pink color lasis at lenst
3 min, the precipiinie is considered 1o be ncid-fres; otherwise, caontimue the
wishing.

28.3.3 Transfer the filier and precipitate to the beaker in
which the precipitation took place, using small damp picces of
paper o wipe out the funnel and o pick up portions of the
precipitate that may remain on it Add 20 mL ot cool OOy, -free
water {0 the beaker, and break up the filter by stirming rapidly
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with the policeman that was used o serub the beaker, Add an
excess of the 0.3 N NalH solution, stir the contents until all
trace of vellow has dizappeared, wash down the policeman and
sides of the beaker with 3 ml of cool, CO.-free water, and
add 2 drops of neutral phenolphthalein indicator solution, Trear
the selution with a measured quantity of the 0,13 & H,50,
solution, sufficient 1o destroy completely the pink color. Com-
plete the tiration with the MalH solution until there is a
definite faint pink color that lasts at least 5 min.

28.34 Blank—Maoke o blank dewermination, following the
same procedure and wsing the some amounts of reagents, and
correct the results obtaned in the analysis sccordingly,

284 Colewlanion—Calculate the percentage of PoOy 1o the
nearest (L as follows:

PO, % = [E(V, - ¥,RI§] =100 (21}
where:
E = PO, equivalent of the NaOH solution, gfmL.
¥, = millilitres of NaCOH solution wsed,
Vo = millilitres of H,50, solution used,
E = ratio in sirength of the H,50, solution w the MaOH
solution, and
5 = prams of samphe vsed,

REeport the result rounded in accordance with Table 3.

29, Manganic Oxide (Alermative Tesi Method)

29.1 Ewmwmory of Test Method—In this st method mon-
ganic oxmle 15 determined volumemcally by timation with
polassium permanganate solution,

292 Reagenis:

2021 Porassiver Permanganare, Standard  Soluion
(.18 N—Prepare o solution of polussium  permanganate
{(KMn), ) and standardize ps descnbed in 15.2.2, except that
the manganic oxide (Mn04y) equivalent of the solution is
caleulated instead of the cakcium oxide (Col) equivakent.
Caleulate the MO, equivalent of the solution as follows;

E= (&= 0335341054 (22)
where:
E = M0 equivalent of the KMnO), solution, gfml.,
B = grams of Ma,CL0, used,
A = mullilires of KMoy, solution required by the
N-il:‘::':' & |.|Tl'd
.35 = mole rato of 3 Mno,Oy to 10 NayCa0y,

24.2.2 Finc Oxide (L)), poecder.

293 Procedure:

29.3.1 PMace 2 g of the sample in a 250 mL beaker and add
about 50 ml of water o the cement, Stir the mixiure until it is
in suspension and then add abowt 15 mL of HCIL Heat the
mixture genily until the solution is as complete as possible.
Add 5 mL of HMNO, and 30 mL of water o the solution and bodl
it uniil most of the chlorine has been expelled. If necessary, add
hot water to maintain the solution at a volume of about
1M mL. Stop the boiling and edd £l powder to the solution
unitil the acid is nevtralized. Add an excess of 3 g to 5 g of Znd)
powder to the solution and bodl it for a few minotes.

2037 Withouwt Giltenng, and while keeping the solution ot
(90 50 o 100200 by ingermittent oF continuois heating, tiirae
the solution with the (L8 N KMoCy, solution untl a drop of it
gives a permanent pink color (Mote 106}, When the end poin
is approached, add the standard solution dropwise, Afer each
drop, stir the solution, allow the precipitate 1o settle a linle, and
observe the color of the siratum of the solution by looking
through the side of the beaker.

More 106—In the cass of g censent in whech the apprasimale content of
MinAy, is umkesvam, a prefdiminary delermimation may b made with rapid
tirarien, 005 ml v | mb of the sandard solution being sdded a1 0 hme,
and without an simempt to keep the solution close wothe bobling poine

2033 Blonk—Make a blank determination, following the
same procedure and using the same amounts of reagents, and
comect the resulis obtained in the analysis accordingly.

204 Calewlation—Caleulate the percentage of M.y, o the
nearcst (L1 as follows:

Mn, 0, % = EV x5 (23)

M- equivalent of the KMoy sodution, gfmL,
millilires of KMy, solution used, and
50 = 100 divided by the weight of sample used (2 gl

Repont the result rounded in accordance with Tahle 3.

A0 Free Caleium Oxide (Alernative Tess Metlods )

ML Semimvey of Test Methods—These are rapid test meth-
o for the determination of free calcium oxide in fresh clinker.
When applied o cement or aged clinker, the possibility of the
presence of calcium hydroxide should be kept in mind since
these methods do not distinguish betecen free Cald and free
Ca{COHE,. Two test methods are provided, Abernate  Test
Method A s a modified Franke procedure in which uncom-
bined lime is titrated wath dilute perchboric acid atter solution
in an ethylacetoacetate-i=obutylalcohol solvent. Alternate Test
Method B is an ammonivm acetate titration of the alcohol-
glyvcerin solution of uncombined lime with SciMNO5), as an
gooelerator,

302 Modifed Franke Test Method (Altemative Test Method
Ak

21 Apparaius:

211 Refuxing Aszembly, consisting of a flask with
flai-bottom short neck Efdenmeyer Aask with 250 mL capacity.
The water-cooled refluxing condenser should hove & minimaum
bength of 300 mm. The flask and reflux condenser shall be
connected with standard topered ground glass joints. The refux
condenser shall be fitted with an absorption tube contoining a
desiceomt, such as indicating sibica gel, and o moterial Tor the
removal of COh, such as Ascante, The absorplion tube shall be
mnsered with a mubber stopper in the upper end of the rellux
colwmn,

M2 12 Burer, having a 10 mL capacity and graduated in
units ot more than 0,05 ml.,

2.3 Vacwum Filtraniion Assembiy, consisting of a Gooch
crucible size Moo 3, 25 mL capacity in which is placed a
suitehble hlter paper. 21 mm size, a Walter crucible holder, a
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SO0 ml. vacuwm fask, and vacoum source. The crucible is half
filled with compressed filier pulp.

0204 Gilass Boiling Beods:

3022 Sedurfons Regqiefred!

020 Erkyl Aceteacenmie=lsobund Alvelol  Solvent—3
parts of volume of ethyl acetoacetate and 2 parts by volume
of isobutyl akeohol,

30222 Thymed Blae Todigaror—Dissolve 0.1 g of thymol
blug indicator powder in 100 mL of isobuty] alcohol,

30,223 Perchdorie Achd, Srendond Solueion (002 Mi—Dilwie
22 ml of 70 % w T2 % perchloric acid 1o | L with isobury]
aleohol, Standardize this solution as follows: Tgnice 0 D g of
primary standard calcium carbonate in a platinum crucible ar
GO0 S0 o I "C. Cool the crucible and contents i a
desiccator and weigh to the nearest (L0001 g o constant
welght. Perform the weighings quickly o prevent absoeption of
weater and CO.. Immediately transfer the Cal) without grinding
i a clean, dry Erlenmeyer flask and reweigh the empiy
crucible to the nearest L0001 g to determine the amount of
Cal) added. Then follow procedurs beginming with “Add
TOmL of the ethyl acetoacetate—isobutyl alcohol. . .” in
30,250, Calculate the Cal¥ equivalents of the standard per-
chloric acid solution in grams per millilitre by dividing the
wedght of Cald used by the volume of perchloric acid required
for the ttrtion,

3023 Procedure:

I0ZET Weigh 10000 g of ground sample (Mote 107) and
transler it it a clean, drey 250 mL Edenmeyer fask. Add four
I five ploss bling beads, Add 70 mL of prepared ethyl
aceloacelme—tsobulyl alcohol solvent. Agitate the flask w
dizperse the sample,

More |07 —Thorough grimdimg ol the canple 5 essnsal Tor proper
caposure of the free lime groins thon often are occloded in crysials of
tricalcium silicats in the cement, However, exposure of the sample 10 the
i must be kept ot o minimum s prevent carhonatson of tbe free lime, In
panicular, direct brenthimg into the sample must be avoided. The sample
shomld he sufficienidy fime o easily pass o Mo, 0075 pm) sieve g nenaal
sigving is not recommended. [F the sample is not to be immedialely tested,
il sl b kepl meoan ainlight confaimer W avoid uniecmsary eaposme L
the atmosphiens.

30,232 Anach the Aask fo a reflux condenser and bring the
material to & boil. Reflux for 15 min

30233 Remove Aask from condenser, stopper, and cool
rapidly o room temperature.

A.2.34 Filier the sample and solution using the vacuum
assembly. Wash the flask and residue with small increments
(10 mL i 15 mLj of ispbutyl alcohol until a total of 50 ml has
been used for wash solution.

J2.35 Add 12 drops of the thymol blue indicator i the
filtrate and immediately titrate with 0.2 A perchlonide acid to
the first distinct color change.

A2 4 Calewlaiion—Calculate the pereent free calcium ox-
ide 1o the nearest 0L % as follows:

EVo# N

Itz T, B = g

{2

where:
E = Calequivalent of the perchloric acid, gfml,

Vo= millilires of perchloric scid solotnon regquired by
sumiphe, and
W = waeight of the sample, g

Report the result rounded in accordance with Table 3,

L3 Rapid SaNO L), Method (Alemative Test Method B

M3 Reagenis:

LA, Avvmosien Acetare, Smndord Sodanose (1 oml =
005 g Cald)—Prepare a standard solution of ammoniwm
acctate (NH,C.HL0.) by dissolving 16 g of desiceated ammio-
nium zgeetate in 1 L of ethanol in a dry, clean, stoppered botile.
Standardize this solution by the same procedure as described in
A0.3201, except use the following in place of the sample: ignite
to constant weight approximately (.1 g of calcium carbonate
(Cal’0y ) in a platinum crucible ab 900 “C w 1000 “C, cool the
contents in a desiccator, and weigh to the nearest (0000] g.
Perform the weighings quickly o prevent absorption of water
and OO, Immedintely tronsfer the Cald without grinding 1o a
250 mL boiling fask (contuining glvcerin—ethonol solvent and
SN L) and reweigh the empty crucible w determine the
weight of Cal¥ w the pearest 000 g, Continue o described
in L3201 and 300322, Calculote the Co) equivalent of the
amomonium . acetate 0 grams per millilire by dividing the
welght of Cold wsed by the volume of solution reguined.

30.3.1.2 Phenolphehalein ndicator—Dissolve 1.0 g of phe-
nolphithalein in 10 mL of ethanol {Formula 2B} (Mote T03).

A3 Glycerin-Ethanel Solvert (1+2)0—Mix | volume of
glveerin with 2 volumes of ethanol (Formula 2B). To each litre
of this solution, add 200 mL of phenolphihalein indicatior
solufic.

More | 08—Eiharsd denatured in accomdnnce with Pormula 28 (995 %
eihaned and 0.5 % benaol) is prefermed i may be replaced by isopropyd
aleohid, AR,

3304 Stroweriem Nitrate (So{MOG )50 reagent prade,

A2 Procedwre:

302321 Transfer 600 mL of the glycerin—ethanol solvent into
a clean, dry, 250 mL standard-taper flat-boitom boiling Aask.
Add I g of anhydrous sirontium nitrate {Sn{MNO ). ), and adjust
the solvent o slightly alkaline with a dropwise addition of a
freshly prepared dilute solution of NaOH in cthanol until a
faint pink color is formed. Weigh LOD0D g of the finely ground
sumple (Mote 108} inte the Hask, add encapsulated stiming bar,
and immediniely attach a water-cooled condenser (with a
standard 2440 plass joint). Boil the solution in the flask on a
magnetic stirrer hot plate for 200 min with mild stirring,

30.3.2.2 Remove the condenser and filter the contents of the
flask on a small polypropylens Blichner funnel under vacuuam,
using a 250 mL fliering Aask with side tube. Bring the filirate
to @ boil and immediagtely ttrate with standard ammoniwm
peetate solution to o colorless end point.

033 Calowlation—Caleulate the percent free Cald o the
nearcst .1 % as follows:

Tpee Cald, % = E1 = 1 (25}

where:
Eo= Cald egquivalent of the ammoniom acetate solution,

gfml, and
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=

v

millilires of amemoniom acetate solution required by the
saimphe,

Report the result rounded in accordance with Table 3.

3l Kevwords

3.1 chemical analysis; compositional analysis; hydrawlic
cements

APPENIMXES

iMonmandatory Information

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

{Codumn 1) {Column 2) {Codumn 3) {Gedumn 4)
AgHD,, milL Poiantial, my A my &7
1.0 125.3
54
180 nas 1.4
T2
200 11235 1.3
85
220 1A 1.3
a8
240 b 0.8
a2
240 88 2.3
63
2.80 Tva 0.8
6.1
00 LAl 1.3
44
320 &7

Th eeqivaberes ponl @ in e maxmun & my inleeal (odumn 3] aed thus bebwean 230 mlL ard 240 mb. The axac aquialance poinl in g 020 rcreman

ts cadoulatad from tha AT my [column 4) daba ae Tolicws:

T B |
E-Em—llm| w (230 = 2 5AF mL. Round 10 2,34,

* Dilerences bebween siccessive readings in column 2.
O Dillarences belwesn puctagshe & resdings in column 3 “secord dillenentiak”

N2 OO, DETERMINATIONS IN HYDRAULIC CEMENTS

X211 Scope

KL 1.1 This appendix contains information abour methods
for determination of carbon dioxide (C0,) in hydraulic cement,
The methods listed received a favorable evaluation by Task
Cirpup CO1L23.04,

X2 1.2 sSubsectwon X2.2 lists the analvtical methods that
received a favorable evaluation, bricfly describes each method,
sugpests gnalytical technigques or cautions that may be useful,
and indicates limitations to some of the methods,

X213 The meihods listed as X2.2.1, X224, K225, and
K116 determine tofal carbon calculated as OO, For that
reason, they are not appropriate for determination of carbon
dioxide in fly ash, limestones containing carbon in the form of
graphite or kerogen, in other carbon bearing materialzs, or in
blended cements produced from these materials.

X2.1.4 The methods hsted in X2.2.2 and X2.2.3 can deter-
mine actwal OO directly rather than by caleulation from total
carbon, They are suggested for analysis of blended cements

k1]

and blended cement ingredients which are likely to contain
nof-carbonate carbon,

X215 The split loss on ignition method in X221 can give
misleading resulis when wsed with materials containing
ColOH), (caleiom hydroxide), Thiz con occur with aged
cement, cement made from aged clinker, or high free lime
clinker, in addition 1w cements with a lime o hydraed lime
ingredient,

X212 Analytical Methods

K221 Spliy Loss on [grition—This procedure is compa-
rahle o the analytical method described in Test Methods C114,
18.1.1, with the following modifications;

1. A cructble of known mass and contaning a sample of
known rmass is initially heated ag 550 °C for 2 h

2. After being cooled 1o room temperaiire in a desiccator,
ard ats omass deternmined, the crucible wath sample = then
heated at 950 *C for 2 h
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TABLE X2.1 Cooperative Test Series No. 1

Carbon Diowde Unknown®
TR 7oy
Z.EBZ
241
el
a1
i
200
200
F a6
ZE3
F38
242

Taet Mathods E350

Indisction FumacaiR

fverage Standand Dewiatian

Singla Datamminatiang
mminal Ackdad e
- 'Enm::;i — Dﬂﬂ'Tnl::?:j': Added CO;, % Known™
] L —— -

OES 1.09
0,365 2407
oaz 2,08
038 2407
037 2,402
002 1.08
.02 1.88
40 207
o4s 2.08
40 2.
D48 1.97

202

a.05

*Thea Linknoem was prepaned by blandingigrinding a misium of 500 % NIET SREM 1C Argilaceous Limaesiona and 5500 % CCRL Pomand Camant Relaranca Sampla
Mo BE. Acoording bo the Cerificate of Analysis, the S8M 1C had a loss on ignition of 28.% %. For the purpose of the coopemative oS! sones, the kass an ignion was

assumed b ba G, anly.
5 The Aase Cemert was GOAL Podand Cement Belerence Sample bo. 85

< The Ctermined % Added Gy wes cbiained by sublracing the Base Cemerd % GOy fam e Unknown % G0y,
2 Tha addiien ol 5.00 % MET SRM 1C (with & ks on igrition salua of 359 %) would prodda 200 % Addaed GOy, (Again, i was assumed thil e SREM 10 loss on ignilion

ws only carton dioxida. )

TABLE X2 2 Cooperative Test Series No. 2

Ayverages from Thres Delermnations

a Cretarminalions: Base Added GOy, % :
Garbon Diowde Unknosn Camani® DeterminedC Aged GO, % Known?
Spit L4 200 o 1.58 1,60
165 iz 1.33
20E nde 1.56
1.5 0LES 1.56
D 03 1.67
1.5 K3 1.50
1.5 K 1] 1.62
XAFA 1.68F e 1.60aE
Inguction Fumace'1A E s 1.85
1.56 [EE] 1.68
1.85 (EE 1] 1.55
T4 L 20 1.57
1.87 oIS 1.62
fvemge Sardant Desiation 1.60
014

* Thea Unknaw wis prepaned by blendingQnindeg a misun of 400 % NIST SRM 10 Arglacesus Limestors and 9600 % CORAL Porand Cemenl Relersnce Sample
Mo B, Agcoeding bo the Canilicate of Analysis, the SRM 10 had 8 less on igniien of 38,9 %, For the purpesas of the coopanalive a5l senies, ta kes on ignition was

assumed o be GO anly.
“The Base Comert was COGAL Pordand Sement Aolorencn Sample Mo, 850

= The Detemined % Added 00, was chiained by sublraciing the Base Cement % CO, from the Unknowm %% 00,
O T sckdiion of 400 % MIST SRl 10 (with & koes on igrilion value of 3209 %) would provide 160 % Added S0, (Agaim, il was aasumed Tl e SRM 15 loes on grilion

wias anily carbon diamide. )

£ Tha XAF inginarent was callbrased using standands composad of S Bass Camant (hat i, CCRL Mo, B5) and MEST SAM 1C. H was assamed thal the Base Camant

containgd 0 % GO,

3. Finally, the crucible with sample is cooled and iz mass is
determined in accordance with Step Mo, 2,

4. The differcnce in residue masses after the respective heat
treatments is assumed to be carbon dioxide.

TGA resulis indicated that CafOH), can lose a significant
portion of s mass abowve 500 °C. Thus, the Split Loss on
Ignition procedure should not be wsed when siwations de-
scribed im X215 exist.

X222 Thermogravimetric Apalvsis (T0A J—This method
invalves the determination of sample mass loss at various
temperatures. The heating of o sample through a temperature
runge allows for mass loss differentiation based on mineral
form (for example, Cal0,, MgCO,, CaiOH),, and so forth).

il

Specific operational information is provided by the equipment
manufacturers. If free carbon is present, an inert aimosphere
(for example, nitrogen) should be used for sample analysis,

X223 Test Methods 25, Secron 22—"Standard Test
Methods for Chemical Analysis of Limestone, Quicklime, and
Hydrated Lime.” This method involves decomposition of the
sample with HCIL The liberated COy, is then passed through a
serics of scrubbers to remove water and sulfides. The CO, is
ghsorbed with special Sodium Hydroxide Absorbemt (Ascar-
ite). The gain in mass of the absorption tube is determined and
calculated as percent OO, Calcium carbonate, for instance,
can be calculated by multiplying the determimed COL content
by & conversion factor (for example, OO0, x 22742 = Cal0, ).
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K124 Xeray Fluorescence Spectroscopy—In this method
the sample is ground o a fine paricle size, pressed into a Aa
peller and ireadiated with the chosen instrument. Carbon
content is determined by comparing the collected carbon
emissions w0 calibration standards,

K215 Combustion by Induetion FumioeeAR—This method
involves volatilization by induction furnace and detection by
infrared absorption. Suitable calibration standards (for
exaimple, calcium carbonate and synthetic carbon) are available
from some instrument manufacturcrs. MNIST cement SEMs
with knowmn additions of NIST argillaceous limesione (or other
suitable standards) should also be considered to check insiru-
ment calibration.

X226 "Tesr Methods E350—This method, Total Carbon by
the Combustion Gravimetric Method from Test Methods fior
Chemical Analysis of Carbon Steel, Low-Alloy Stecl, Silicon
Elecirical Stecl, Ingot Iron, and Wrought Iron,” is suitable fior
the determination of carbon in concentrations from (LO05 % to
180 % {as carbon dioxide (L18 % to 6.60 %) The test method
invalves burming the sample in a stream of oxyeen; the carbon
dinxide in the evolved gases 15 then collected in a suitable
absorbent and it= mass determined. Time of analysis 15 less
than 14} min.

X213 Cooperative Test Results

X230 Tables X2.1 amd X2.2 list results foom two series of
cooperative tests using several of the analvical methods
evaluated by the Task Group. In all, five of the six methods
receving Fovorable ratings were included, The sixth method,
Test Methods C25, was specifically not tested in these coop-
erptive series, but was rated Tovorably because of long history
of use with related materials.

X232 Table X201 includes resuliz of single determinations
using three of the different analytical methods, The methods
used were Split Loss on Ignition, Test Methods E350, and
Combustion by Induction Furnace with Infra-Bed Defection.

X233 Tuble X2.2 includes results based on average of
three determinations. Results from four of the different ana-
Ivtical methods are included, Methods vsed wers Split Loss on
Ignition, X-Ray Fluorescence Analysis, Induction furnace with
Infra-Fed Detection, amd Thermo-Gravimetne Analysis, Test
Methods E35(0 was not used in this serics 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 Yol 04,001 of the Anmead Book of ASTM Smndards,

SUMMARY OF CHANGES

Commitiee CO1 has identified the bocation of selecied changes 1o this standard since the last issue (T4 = 22
that may impact the use of this standard. (Approved Sep. 15, 2023}

(i Revised 7.3.1 and Notes 11 and 12,

(2] Bemoved Mote 12

Committes CO1 has identified the location of selected changes to this standard since the last issue (C14 - 1B}
that may impact the use of this standard, (Approved Dec, 15, 20220

(fh Revised 7.3,1,
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