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Foreword

|50 [the Internaticnal Organization for Standardization) ie a worldwida fadaratian of
natfonal standards bodies (150 member bodieg]. The work of preparing International
Standards s normally carred cut through 1580 technical committees. Each member
body interested in 8 subject for which s technical committee hes been established has
tha right to be rapresentad on that commfttos. IntRrnational arganizationg, govarn-
rmental and non-governmental, in Raison with IS0, also take part in the worl.

Draft Intermaticnal Standards adopted by the technical committess are circulated to
the mamber bodias for appraval bafore their acceptanca as Intarmational Standares by
the 150 Canncid. They are approvact in acensdance witk 150 proceefiras reiinng at
least 76 % approval by the member hodiza voting,

ttgrnational Standard {50 Y6526 was proparad by Tachnical Committec S0/ T 1596,
Nigfe and nickal affoys.

Lisers should note that all Internaticnal Standards underno revision from tmea 1o time
and that any reference made herein to any othar Intarnationol Standard implige i
lalest edition, mnless otherwisc statod.

T Intarnativnal Organlzation for Standardizatlon. 1986 »

Prntod In Switzctland
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INTERNATIONAL STANDARD

IS0 7525-1986 {E)

Nickel — Determination of sulfur content —
Methylene blue molecular absorption spectrometric
method after generation of hydrogen sulfide

1 Seope and field of apglication

This Intamational Standard specifies a molecular absorption
spectrometrc method after generation of hydrogen sulficks for
the determination of the sulfur content of refined nickel in the
ranige 0,000 1 to 0,002 50 {adml,

2 Raference

180 bJ25, Pracision of rasf mathods — Defermnation of
repeatahility and reproducibilify by inter-faboratory tests,

3 Principle

Dissolution of 3 tst portion in 2 nitde acid-chiorfo ackd mikiure
and oxidation of total sullur to sulfate on, Rernoval of nitrates
by svaparation with hydrachioric and formic acids. Beduction
of sulfale to hydrogaen sulfida by hydrofodic and hypophos-
phorous acids in a0 argon atmosphars.

Absorption of the hydrogen sulfide by a zine ammine cormplas
solution. Conversion of absorbed sulfide sulfur te metbvlene
blua and measurernant of sbsorbance of the solution at 865 nm,
Netermination af tha mass af sulfur from s calibeation graph.

4 Reagants and materials

Durng the analysiz, unless otherwize stated, uso only reagonts
of recognized analytical grade and only distilled wator ar watar
of aquivalant puriy.

All acids uzed in the digsolution of the tost portfon and 1ha
nitrata ramoyal step shall ba pierifiad by distillation to elimingta
aulfur-containing apecies, such &9 sulfur dinxide and sulfuric
acid, Impurty levels of 1 mg of sulfur per litre arc not sof
ficiently low. To keep the blank test sulfur contont lowr, hwdno-
chlorfa acid, in particalar, should contain less than 0,98 mg of
aylfur per Iitre.

4.1 Hydrechloric acid, gy, — 1,18 g/rf, dilutad 1 -+ 1.
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4.2 Purified hydrochlaric acid, g-q = 1,003 g/ml.

Dlstll bydrechilore acld fgog = 1,18 g/ml] diuted 3 + 2 with
ywater using the apparatus shown in figure 1 and discard the
firgt 10 % { ¥/ ] of the distillata. Collact tha remaining distillate
{except for tha last few rmillilltres) in g tharoughly cleaned glass
bottle.

4.3  Purlfiod formic acid, o-n = 1,20 gfml.

Distil formic acid wsing tha apparatus shown in figure 1 and
dlseard the first 10 % (VY ¥ of the distillate. Collset tha e
maining distifate {except for the last few mitlilitres}l in &
tharoughly cleaned glass bortlz.

4.4 Nitric acid-chloric acid mixture.

a4 Distil nitric acid logg = 1.47 ¢/mib using the apparatus
shown In figure 1 and discard the firat 10 % Y FY of the
distillate. Callect the remaining distillate {except for tha last few
millititres] in @ thorough'y cleaned brown glass bottle.,

442 Dissolve 3 g of potassiumn chiorate (KCID5) in 30 mil of
weater and add 100 ml of purified nitric acid 4.4.1). Propare
frash as nesdsd,

4.5  Zine acetate, shsorbing sobution.

Digsolve 8 g of 2ine acgtata dihydrate 1Zn{CHaCO0, 2H.0
and 70 g of ammenium chioride (NHLCN in about 350 ml of
yater. Add 7.6 g of sodierm hydroside (MaOH), stir to dissolve,
and dilute to 800 ml with water,

Store in 4 gluss bottla,

4.8 Heducing mixture

Trarnsfer 420 ml of hydroiedic acfd [ogn = 1,7 @/ml, 55 %
fwefw] HI minimuml, 80 ml of hypophosphorgus  acid
[gron = 1L.21 gfml, 83 % (erfen) HyPO: minimum) and 70 g of
godium fodide fo the purifying apparatus (sec figure 2. Attech
the hydrogen sulfida trap containing 5 ml af tha sbeorbing
solution 4.5k Purge with argon at a flow rate of 200 to
20 ml/min far 10 min v expel air from the systam. Switch on
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the alectric heating mantle and heat the mixture at 113 o
118 *C for 4 hin a continuous flow of argon, Allow the misture
to cool whila maintaining tho argon flows.

Transfer the cold reducing rmixture, without delay, to g brown
gless bottfe, Stopper and store in g cool dark place. (See
clauze 9.)

4.7 Diamine salt, =alution,

Digeolva 0,1 g of A, Atdimothyl-g-phonylanodiamins  hydro-
chloride ar sulfate in 26ml of  hydrachlore  acid
[Pop = 1,18 gfmil) and dilute to 100 ml with water,

Store In a cool dark place.

Prepare fresh weskly,

4.8 fIron{lll) chloride, solution.

Chgsolve 1,0 g of irentill} chioride hexahydrate (FECly- §H20) in
10 ml of hydrochloric acid {5, = 1,18 g/mb and 40 ml of
wiatar, Dilyte 1o 100 mil with wadler,

Store in & glass bottle,

4.9 Sulfur, standard zolution, correspanding to 100 mg of S
par litre.

Dizsolve exacty 0543 &6 g of potassium sulfate, previousiy
drfad at 109 “C for T h, in water in a 1 000 ml one-mark walu-
metrie flash. Make up to the mark with water end mix.

1 ml of this stendard solution contairs 0,100 mg of S,

410 Argon 29,508 % {m/ mr Ar mininam,

B Apparatus

Dndinary laboratory glasswano, and

5.1 Distillation apparatus, for the generation and volatiliz-
ation of hydrogen sulfide from the test solution, as showen in
figure 3. Tha doubla surface eondenser is prafer-od becauyse of
Its supsrior cooling affiiency,

B.2 Heating mantle. The optimum teraperature far a rapid
raductign of suifate 0 hydrogan sulfide ls arcundd 114 *£. The
solution would then reflux vary gently, The reguired povwer
setting for the mantle shell be established by preliminary blank
tests with 8 thermometer dipped in the heated solution,

5.3 Molecular haarption spectrometar. suitabile for
meaauring absorbance at 655 nm.

5.4 Micropipattas, of capacitias 10; 20; B, and 150 Ll

6 EBampling and samples

fi.1 Sampling and preparation of tho laboratary sampls shall
be carried out by normal agreed procedures or, in case of
dispute, by tha relevant Intarnational Standard,

2
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8.2 The bartory sample normally s in the form of 3
poweder, granules, millings o drilliogs and no furthar prep-
aration of the sample is necessany.

6.2 If it iz suspactec that the faboratory sample fs contami-
nated with ail or groasa From the milling or drilling process, it
shall e cleanad by washing with high purity acetone and
drying i air.

6.4 [f the ldboratary sample contains particles o pleces of
widely varying sizns, the test portion showld be obtalned by
ritfling.

7 Procadure

WARBMING — Thaere are toxicity risk=s related ta the
chemicals uscd in tha precadura and reasonable pre-
cautlons shall ba taken. The glassware used in the
distillation apparatus shall ba axamined carsfully and fts
parformance and tightress of jointe chackad.

7.1 Tast portion and praparation of test sotutlon

711 Weigh, to the nedrost 0,00 g, 1.9 9 of e st sample
anrd Iransfar to 8 10 or 280 ml three neck round bottomn flask.
Add 10 ml of nitric acid-chloric acid mixtors (4. 44 a0 allow tha
reaction to subsido. Carcfully evaporste the solution to a
WIRGONS YL,

702 Add 1G ml of purifiad hydrochloric acid (4.2) and heat to
diszalva the residus, Add 2 ml of formic acid (4.3 and
vEpurdse to dryness, Dissalve the dry residue in 10 ml of
purifind hydrochlonic acid and 0,5 mi of formic aeid. Heat and
mineralize for 8 few minutes on the hotplate to complate
dissziution and cool.

MOTESR

T 1 s eortial thal all sampls tradtment be carfed oot o R
scrupulously clean laboratory atmaosphera, i.e. fres fram sulfunic acid
fiimeas and any vapours of dust contalning soubfur spacies. Dissolutian
of the test partlon Ik -he three neck flask, radhcr than a beokar, educes
the chanes of contamination.

2 The thre neck flask may ba bald it a cylindrical metal holder far
herting cn A hotplats, A sand-baty on a hotefato nay alsc bo usod,
Alternatively the Mask may he sospended in a low-form boakor of suits
ahble gize.

3 I hrown fusos appaar durlng the Anal dissolution, swporaa to
fArynass again ard dissalve the resicue in hydrochloric and Tormle oelds

"aa tvdivated in 712,

7.2 Hydrogen sulfide avofution

7.21 Attach the three neck flask to the distiletion spparatus
i6.1]. Flace 3 mr of hydrochloric acid diluted 1 - 4 into the
acid trap, and 5.0 ml of abgorbing solution (48] into the
bryelrogen sullics (@, Add 30 mil of the reducing miture (4.0}
to the sample zolution via the side arm. Raplace tha stoppar,




7.2.2 Ensurethatall joints ere aecure end pasg a flow of argon
{4.10] through the epparatus gt & rae of 30 mlfmin. Afeer ap-
proximately 2 min switch on the heating manile and eontinue
heating for 30 min. Remove the suMfide trap and switch off tha
hesting mantls.

7.3 Methyiena bive development

731  Infroduce 2,0 ml of the diamine salt solution [4.71 into
the sulfide trap via the gas fnlet tube. Imroediately follow with
addition aof 0.5 mt of ronilll] chloride =olution (48] and mix
eently,

7.3.2 Rinza the insids and cute’de of the gus inlef tuebe with g
amall quantity of water, Mix the solution and transfer it o a
25 ml onc-mark volornotric flask. Ywash the testtubo with
water, Make up ta the mark with water, mix, and qllow the
saotution to stand for at least 30 min before moasurement.

NOTE — Oncw fully developad, the methylene b re caloration is stable
for at least 24 h.

74 Spectromatric measuremant

Measure the sbeorbence of the scletion using 1 ar 2 cr cells
against vwater as tha referenco at a wavclength of 665 nm with
tha molacular phsorption spoctromaeater (6.3).

75 Blank test

7851 Carry out 3 blank test in the samo spparatus, by tho
same procedurs, using the same guantities of all the reagents
as in the detarmination, But gmitfing the test porticn.

7.6.2 Having finished the vaolatilizetion of hydrogen sulfide
from tha blank tost as in 7.2.2 gllow the now sufur-fres
recliciriy woluticon Ly gaol oo Mowe of agon e uga il in he
cafibration {7.6h

7.6 Calibration

761 To tho cold | <83 °C) sulfur-free reducing mixturo
[7.5.2) in tha threo neck f'ask add, fram a micropipette, 10 pi
(1 ey 5 of sulfur stancdard soltion [4.9). Procnod as diracteae
it 7.2 to 7.4,

7.6.2 Continue with acditions, in order of 20; 80; and 100 Wl
(2;%; and 10 pp 8] of sulfur standard sclution (4.9), to the
samea cold sulfur-frea mducing mixiura a5 in 7.8.1.

7632 Plot the absorbance readings of solutions olitainad in
7.6.1 and 7.€.2 against the rass, in micrograms, of sulfur
prasent in the solutions. The graph doos not hava to pass
through the atigin &3 the ahzorbing solution (4.5] usually shows
a slight background absorpticn upoh addition af the dizmine
zalt and iran{lll} chloride.
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8 Expression of results

&1 Calculation

Tha sulfur gontent, exprossed a2 a percontags by mass, of tha
test feartion, is givan by tha formuia

Hy — Ma
— T x 104
Hp

where
g 5 the mass, in grans, of the test portion (7.7

s the maszs, in micrograms, of sulfur i Lho tasl
porion, rmad from the calibration graph (7.6.3);

tma s the mass, in micrograms, of sulfur in the blank test,
read from tha colibration graph (7.8.3).

For a mcaningful result, the following conditior shall apply:
w & 2o wrq < 2pra, the reagent blank shall be improved
by additional purificaton of the roogents uscd. Anothar poss
ible spurca for high blanks car b the loboratory enviraament,

MOTF A hlank valire of 0,5 (1) 2ulfor lvag oen fonind ataloalsle soed
acoaptahle.

9.2 Precislon

Thiz {international Stendard was subjected to o limited inder-
|abaratory test programme invalhving only three laboratories in
throe countries, Tihwoe samplos vwere analysed.

The data wore analysed sccording to 180 5725 with results
givan in the Labla.

Table
Sample retarence G C2 23
Muoan sulfur contant [gfU 077 3.3 131
Standard doviation
walLlalrr labaratony, m,, o7 Az 24
hetween laboratonies, 5y 007 0. 135
Repeatablity. » 0. fa 0,33 3,63
Reproducibillty, & 0248 0.67 3.4

9 Notes on procedure

9.1 Uue to the extracrdinary sensitivity of the mathod, the
anafyst's warst snamiAs arg hisfhee work hahits and tha
labagratary envireonment, In practice, it may be useful to provide
& roown for this type of analys’s. If the analyst choases to run
two raagant blenks, the lowear oma usually ig the corract ono.
Spuringe contamination by sulfur has been ohserverd when new
three neck favky, sorupulously clesned with aqua regia, were
used.

9.2 Chemically, the reduction of sulfate to hydrogen sulide
ig a difficult reaction, To ensure 0 complete sutfur recovany, the
reaction conditions shall ba closely controllad, The optimum
reducing tamperature s 114 10 118 ", If the reducing soliftion
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is excessively diluted by tha =ample solution, the boiling point ia
dacreasad and the redurhon kinetics sre slowed appracizbly.
At temperatu rers sbove 120 °C the acid mixture shows sighs of
decompesiton of hypophosphorows acid and an incressed for-
ration of phosphire.

8.3 During the purification of the reducing mixture care shail
be taken to ansure that it does not bacorme owerhested.
Tamparature monltoring with 8 thermametar is recommended.
Dilustinr of 30 ol of the reducing micture with not mare than
10 il of sample sclution will enakle the mixture o reflux gently
gt 114 o 118 o,

9.4 Tho votumes of solutions used in the acid trap and tha
hydrogen sulfide absorber should nat be changed from thoss
specifiad in the progedure as this may resul in oither a
hydrogen sulffde loss or in problams in the acidity dependent
development of tha mathylana Blua calour, In the ealibration
stop, therg is ng fesd 10 repléce the acid trap solution with a
fregh one when the reducing mixtura is spiked with the sulfur
standard solution.

Vigrawx refux
calurmr
=40 om long

1 litre flsgk

TE25-85 l agbhlld UdabUBT 4

9.5 The methad has heen found to produce idendical cali-
bration graphs, in abaolute terms, on various daye,

8.6 The method described in tiis Intamational Standared |g
more complex than that in 13O 7526 and is anly advised for the
analysis of pickel metal not covered by the seope of 150 7526
of I the ahbsence of the apparatus required for 150 7628,

10 Test report
The test report shalf include the following information -

gl the reference to the methad used;

bi  the results of tho anglysis;

t] the numbsar of indapendant rapllcations;

db  &ny unususl feetures nated during the analysis;

el any operation net melrded in this Intemational Stan-
dard or rogardad as apticnal,

=
qr

i

Candenear
=80 cm long

Figurs 1 — BApparatvs for purification of acids
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fach=0a . TuaLldd daBsdrd B

Hydrogen sulfide trap
=18 om % 25cm

Doubte surface condenser
or equivelent
=34 cm long

Fhermormetar

Argon inlat

1 litke threa hcek llask

Figura 2 — Apparatus for purification of the reducing mixture
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Ul
Double surface condansar I'? b
or equiaalent 3
=34 cm lang |/
Al Lrep Hydrogen sullida trup
=Hem ¥ 2om =8 om % 2em

Arggon inket

Fopper closed
at bath ends

290 ar 100 ml thres neck flask

Figure 3 — Apparatus for distliladon of bydrogen sulflde
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