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ABETRACT

The specificetions of high purity water employed in t2e water moderanted

a3 cooled power rcactors g2re very siringent. A striet control and regular

nonitoring of some of tie zpecific discclved impurities is extreemly essential.

guntitotive deterzination of sub microgram amounts of
. o open) P - wp T . s +3 +35 3 e
¢1ssalvad oxygen (< 1C pob), F , C1 , WO, , boric acid, Al 7, Cr Fe Ni

i

] !

: S T . - N B} - RN
W) and T in niga purity water have Leen developed and stendavized, and are

pisentad in this resors



WATER CrEMISTRY STUDIES: CHEMICAL ANALYSIS MANUAL FOR MODERATOR
AXD JOQLATT TATER SYSTTMS

by
P.K. Mathur, A.S5. Golhale and K.t. Venkateswarlu

IN?RODUCTION

The use of high purity water, including heavy wuter, is an essential
ingredient of the developing nuclear techmology in India, consequent upon the
aradusl installation of water-modersted and waisr-cooled power roactors.
According to the present plans, ail the power reactor: which mirat be huils
in the next Ifive years are 2lso fning te be based on water as moderator and

coolant. In view of this, water chemistry acquires corcideranie interest and

importance.

Maintzining the chemienl integrity of the vurious water systems
of out of riles and inpgile loopz and in the water moderated and cooled power
reactors & of great importance to ensure amooth reector operstion, prevent
hazardous conditions resuiting from the build-up of radiomctivity in the
water, ard mirimise corrosion. Special mertion has itc be made regarding
specific impurities like dissolved oxygen, F , c1, NO;, and some cations,
vanere a strict control ard repular monitoring is essentiml. Chloride, in
combination with ¢issclved oxygen, can lead to stress corrosion cracking in
stiinless steel, Fluoride attacks the zirconium of the zircaloy tubes.
Presenc: of discolved 21 and FO; in high pressure-hign temperature water
in presenca of reactor radiation mey give rise to the possibility of forma-

ticn of HJl snd HNO, which are detrimental to the resctor piping, valves and

3 .
- . : . - R +3
auxiliary units. The dewermination of other cationic impurities such as Al 7,
+3 +3 e +2 +4 . ..
Cr -y Fe ", i, Cu _ Zr ', etec., is essential tc ensure that there is no

appreciatle build-up of these ione occurring in the system. Boric acid is
often used to control initial excess reactivity and 1t is gradually removed

end its monitoring is also essentizl.

At the suggestion of Reactor Engiaeering Division, B.A.R.C., the
Chemistry Division has initiated a programme of work on water chemistry with

a view to heip in the rumming of out-of-pile water ioops that are being set up



by Tenstor Frgineerirng Division. Levelopin =18 standardizing various smaly-

ticrl wdkods bo meel Viellr reuilrements is 2 necesstIV port of this orogramne.
Keepiny iaiy cbjective in view, chenics L pI‘EJ’Je(Ei_LL"L-‘;b for determination of the
above~pentioned impurities ol te reguired levels of sensitivity were stond-

D ema ] . “

orerdno 3 gl w0, T n ndbsecaerd e nowd; e
phyveicei versnpoients € e oo eleahrdient and swermel corductivitics, pHy ele.,

will be . eciten.

Si e eat specttic Yiens Ywove veen orescribed for the (l.issollved
pxy.er ewmtent in the water o L TR type loop belng set up, Te oxvgen
conten: shoul? te less wem 10 ppb. Paere 18 A posgibllitvy wnet sach a low
tewvsl % dAisgolvee oxy-oroal, L be obboined Sy the addition o hydrauine as
cxvyeen seavanger. It i alsn deslrecle thet the dissolved oxygen content

ner oo maeh loer, way, 5 ppb only.

1.1 Zumiary: Che determinotion off dissolved oxysen in the sanple is
carries out Ly the Tirklcr ktrod vith sooe ssecial modificetion. Treshly
pracipitated s pows hytrovide 1s oxidiscd by the dissolved oxygen, presun-
s3bly Yo :\InO(OF‘.], « Jrop meidification in Wre prezence of iodide ion, the

i {ITI) s roduecd to Wn (1T}, and free iodine eyuivalenl %o the oxygen con-
saed s formed, Tre. lotire 16 tvec deveiuined spectrophotometrically as its
tritoddde don at 287,95 ran. Polan 1) iodate solution is azed to prepure a
stordord curve , ciiwivatir: thi need For strudord oxveger samples. This is an
important adveringe over tie tlirveticn procedurs. It ie nowsible 1o messure

leas he 2 12 opb of disrolved oxygen by thie mecthod, 1Y one uses 5 cn cells.

T Preparcfion of Deoysenated Water

debev 4 firet dedinerslised using a mixed bed resin columr:. This

coluor is prepared o) wixing X B-77 estiun erchanger (’-I fnra) and X B-T78 anion

ST . N rapc] e o 3 . = ;
exchanger (U1 Lomm) in 1:1 pronortion. #“ater flow rete Liaso =11 the bed is
maintained at about 500 \l/uifx (f(').[' a rezio ved volume of 7 1i uI‘eS) 80 us %o

geb thr Apalneraiisoc saver wibh specitic conductivity & o 'J}“ uwios em -1 and
pH in thie rungs & Ca 10 T.is

b

Deainernlised weter so obtained is then passed

through a deoxyeeraiing IRA-402 anior excuange bed in the sulfite Torm. A flow



rate of about 400 ml/min (for a resin bed volume .of 7 litres) is maintained
through this colum: so as to get sufficiently good deoxygenated water (O2
concentrationd 10 ppb). Before sampling, deoxygenated water is once again
passed through a second mixed bed demineraliser so as to get rid of any traces
of sulfite iomns prezeni, as they seriously interfere in subsequent chemical

analysis of residual dissolved oxygen.

1.5 Reagents

(1) Alkaline potassium iodide solution

22,5 g KOH (AnalaR) + 45 g KI (AnalaR) sre dissolved in 100 ml of
distilled water.

(11) 0.0001 N potassium iodate solution

1.0 ml of standardigzed KIOB(O.1 N) solution is diluted to 1000 ml
by distilled water.

(111) 9 1 H,50,

62 ml of pure coue HQGO4(AnalaR) ic diluted to 250 ml by distilled
water observing usual precautions.

(iv) Maengnous sulphate solution

50 g of MnSO4. 4H20 is dissolved in 100 ml of distilled water.

(v) Poiassium triiodide solution

A little amount of resublimed iodine is diesolved in 10% XI and diluted
to 200 ml by distilled water.

1.4 Celibration procedure

2 ml each of the three reagents are mixed with stirring with 354 ml
of water in the order: alkaline KI, HZSO4, MnSO4. (These volumes are for a
calibration to be used with 180 ml sample bulbs ).

25 ml of this solution is added to each of six 50 ml glass stoppersd
velumetric flasks. One of these is filled to 50 mil ms~k with distilled water
and is ﬁsed as = reagent blank. Apiropricte amounts of 0.0001 N KIO, soiution

3
arve pipetted into other flasks to give the equivalents of 4, 8, 16, %32, and



64 ppb oxysen (0,25, 050, 1.0, 2.0, and 4.0 ml)., Fach flask is then filled
o whe mark, a:d tue solutlons made hOMOIENQUS br shaking. Optical density of
epch o7 f:e » solutions is measured in 1 spectrophotometer uring a 5 cm cell
creiras ohe veocgent blink o 07D tw. A crve Ol 0.L. versu- pab oxygen iz

plotte

.
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1.5 Procsoare for o

(1> Sanpling:- A smaple bulb made of pyrex glass (T"ig. 2) is moupted
vertically cu » suitable sapport with bota stop-cocks open. Nitrogen ges,
iree from ux: e, it pessec through tue bulo for about 15 minutes, The bottom
tip is now corrected to the swiple lire vith the shortest possible length of
e tygon tubing. The flo: of whe te.t water sample 1s adjusted to ghout

150 w2 /min, 211 alr babbles must be removed Trom the tubirz and the bulb. Test
Teier i alloved to Tlow ccootipucaaly for at Jezst 1H adnater, zud prefersbly

20 mirates. 3ol the otop-corks nre uow 2losed.

(i< Analysic of saiples:- AT btle time & experinent with test sanples

£1Y the thiee pengents, viz., 2ikelins KI, ‘&:"04, end 32304 ure kept oxygen

Srev Ly Leobling oxysen—rree nitroien Vlrouch then continucusly. The sample
tulb conteining test sample is mounted vertically witi emd "A"'at the top. 0.5 ml
ol glkaline RI in gjreasferred te the sip of the bulb by & meesuring 1 ml pipette,
Yulekly admitled Lo the bulb by corefully opening the lower stop-cock.
3cth the stop-coc™s are closed, the tips rinsed with water, end contents mixed

by turwin, over t'e dulb end severanl times.

In the same manner C.5 wl of Hn504 solution iw edded througn end "B",.

Mixing must be thnorough to ensure complete conmtact of the oxygen with the pre-
cipitated margenous hydroxide.

Following the same procedure, 0.5 ml of nzc-o4 is added through end'®!

and the contents nre agrin mixed. ALl precipitate should dissolve.

Durin~ tha draining of the treated samnle, the first 10 to 15 nd of
the solution are discerded and the rext 50 ml are collected in a volumetric

flesk. T™ip is deker in a 5 cm path length spectrophotometer cell after proper
ringing. Ancther 40 %o 50 ml of the

sample are teken irto sanother flask, and one



Arop of 0.1 I sodiws thiosulphrate solution is edded and mixed thoroughly.
This serves as =z blank., DOSpticel dencity of the sampie solution is measured

at 287.5 rm with the sampe slit widih as was used in the calibratiom procedure

and tha 2 U o oxpoen invernolaiad fron the curve (‘-‘i-_j. 1\ Jee of 10 orm celle

- wiil dneresse t oo cercitiviiy of meccurerent.

The linit for fluorii: is lese than C.05 ppen.

.1 SBumrary: Tecolorizstion o Lie airconiam xylenol crense chelate ir

1.2 1" 170 wetiun by Plaorice rermits ite rApid determinaiicn ever in the presence
of melafivaly Lorgw moweste of pnesphete, sulfie, aluminiem, irpon (I'x‘I) and

men; uthe e ions. It is ponsiule to nccuri-tel: determire as low us 0.01 zom of

fludride in the sample if 5 cm cells e used for C.D. measureient.

D

iad
[

Rea

1Y ZFireoniun sterdasd solution

0.0 oy ZrQ0Cl,, 8H,C is taken in 40 ml distilled weter anc added to

ccld “iluse ICL (570 =l conc. HC1+420 ol vmter). The volume is made up to
10C¢ ml,

(11) ZXvlenolL Orerge Solunion

Je2 gy xylenol orsnge 1< dissolved in 100 mi distilled water, end

storsd in an amber coloured notils.

111" 7Flaoride siandard

0.5525 g NoF {BDH Ap=1sR) is dissolved in distilled weter, end the

volums made up $0 25C ml in a voluwaetric Tlask.

Cne ml of the atove solution when diluted to 100 ml gives a solution

1?/{%

2¢% Opsration

(i) A suitable aliquot of test water (containing 1 to 19/Ag of ) is
saken in a 50 ml volumetric flesk irnto which 10 mi of the zircorium solution

is already pipetted.
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(11) The conterts of the flask are ther heated continuously at 60°C for

20 minutes.

(iii) The flask is then cooled for 40 minutes.

(iv) 2 ml of xylenol orunge solution is then added, and the volume of the

golution is mede up to 5C ml.

(v) after about 1 hour, this scluticn is taken in 5 ¢m path length cell

and 0.D. at 545 nm is measured against an equally treated reagent blank.
(vi) Wicrogrum amounts of flucride are then determined with the help of
2 blenching calibration curve (Fig.S) obtained similarly and simultaneously.
3. CHLORIDE

The limit for chloride is less than 0.3 pmm.

3.1 Summary: Test weter heving free chloride ion is made %0 react with a
saturated solution of mercuric thiocyanate. Mercuric chloride is formed, liber-
mting a corresponding amount of thiocyanaie icns. The free thiocyanate coulé

be determined spectrocnotometrically after complexing with ferric iron. It is
possible to estimate free 017 at conceniration as low es 0.1 ppm if 5 c.m. 2ells

are used for meesurerment of optical density at 460 nm.

3.2 Reagents

(i) Stendard sodium chloride salution

0.1649 g X¥aCl E. Merck G.R. Quelity is dissolved in 106 mi of double
distilled water to give a sulution 100,1(g of C1 /ml. 25 ml of this solution is
2 -

further diluted to 100 ml %o give 25Mg C1 /ml.

/

(ii) Ferric amacnium sulphate solution ;

12.05 g of feric ammonium sulphate »re dissolved in hot 9M HNO,, and
then diluted to 10C mil by double distilied water. 10 ml of this stock solution
further diluted to 100 ml zives 0.025M ferric amponium sulphate.

(ii1) Satur ted mercuric thiocyanate solution

Mercuric thiocyanate is added to redistilled ethyl alcohol. The solution%
is shaken for 3C minutes, and is filtered through Whatman No. 542 filter paper. f



3.3 Operation:

(i) A suitabie sliquot of test weter (conteining 5 to 50,1(5 of Tree 1~

ion) is taken ir = 25 ml volumetric flask,

(ii) g il of ferric smnonium sul phate s.iaticn are adheq.
(iii) 2 ml1 of mercuric thiocyarnate solution a:e tnen added.
(iv) ATter thorough mixing 2nd waitirg for sbout 10 minutes, optical density

is memsured agminst a2 resgent blenk st 460 rm using a 5 cm cell. It is essential
to finish the entire operation within 30 minutes as the colour starts fading.

(v) Microgrem emounte of chloride in test samples 2re then determined witn
the help of & calibration curve (Fig.4) optained similarly ard simultaneously.

4. KITRATE

4.1 Summary: Fitrate icons present in the test sample 2re reduced to emmonia

by Devarda alicy in strong alkaline medium. Ammonia so obtained is steam distilled,
and condensed in cold water. Ii ic then compiexed with Nessler's resgent, and

is deternined spectrophotometrically by measuring the absorbance at 370 nm,

NOBQ concertraticon &3 low as 1.0 ppa can be determined.

4.2 Reagents

(i) Nitrate standard sclutior

1.5178 g of sodium nitrate (AnalaR) is dissolved in distilled water,
and the volume made up to 250 ml.

5 ml of this solution wher diluted %o 500 ml gives a solution 10}Ag/m
of nitrogen (W) and hence M‘J.Lﬁq/ml of Nitrate.

(11) FNessler's resgent

5.25 g KI are dissolved in 25 ml distilied water. To this, e saturated
solution of Hgll, is added tili = reddish precipitate persists after brisk shak-
ing. The m‘ecip;tate is dissclved by adding 30% KOH, and the volume mesde up to
200 ml with 30% XO4. This solution is taken in a beaker, and =z few drops of satur-

ated HgCl, are added again till the precipitate reappears. It is allowed to stay

2
overnight, and is then filtered. Piltrate is stored in a glass stoppered flask.



4.3 QOperatior
(1) A suitable aliquot of the sample water containing 25 to 150f(g of

nitrogen as nitrate is taken in a round pottomed distillation flask.

(ii) About 2 grams of Devards alloy are then added to the aliquot.

(iii) Steam distillation assembly is then set up as shom in Fig. 5.

(iv) 5 ml of 60% NaOH are now added to the reaction mixture.

(v) Brick resction starts in the flask, which is allowed to subside.
(vi) Hot stezm is now passed through the reaction mixture, the ammonia so

driven cut is condeused, and absorbed in e flask containing very cold water.

(vii) This solution is now aquantitatively transferred to a 100 ml volumetric

flask, and 1 ml of Nessler's reagent ic edded. The volume is mede up to 100 ml
ané the solution thoroughly mixed.

(viii) Absorbance of this solution is measured at 400 nm against a similarly

treated reesgent blenk.

(ix) Microgrzm amounis of nitrate are then determined with the help of a

calibration curve. (Fig. 6).

5. Boric =cid
5t Summary : Test water having boric acid or borate is mde to react

with a polyvalent alcohol like d-mennitol, to produce an acid complex bebaving

l1ike & monovalent zcid of medium strength, which can be titrated potentiometrically

against sodium hydroxide solution. The lowest concentration which can be
estinmated is 2.5 ppm of boron.

52 Reagents

(1) T to X Fa®d solution (according to boron content in the sample ).
10 400

(i) Saturated d-manritol solution (spp 200 g d-mannitol dissclved in

200 ml c¢istilled water).

5 3 OE ration

(1) fn accurately known volume of sample solution is allowed to reesct

;
1
!
;
!



with 10 ml saturated mannitol solution ir & beaker.

(1i) It is stirred thoroughly.

(1i1) The solution is then titrated against N to N NaCH solution
10 40C
(sccording to the boren contenmt ir the sample ) and the end poirt is determined

fron the pF metric titration curve (Tig.7).
5.4 Calculation

1m@ N XaOH salution is equivalent to 1.01% mg boron
ng P JPiitre = v_X_1.011_ X 1000
E

where with ¥ NalH solution
10

v _volume of ¥ NaOH in ml

E = volume of ;gmple pipetted out
. 4o+
6. ALUMINTUE (AL77)
6.1 Sunmary:— Aluminium is complexed with hematoxylin at pil 7.0, and

is determined spectrophotometricaily by measuring the difference in absorbance

at 610 and 730 nm. The method is useful upto 0.05 ppn.

6.2 Reagents
(=) Standard aluminium solution

0.1000 g of E. ¥erck G.R. metal sluminium is weighed and dissolved
in 10 ml of 1:1 HCl. The solution is then diluted to 100 ml in a siandard

volumetric flask, with distilled water.

5 ml of this solution, when diluted to 500 ml, gives a solution

containing 10 fg Al/m).

(ii) 0.8 N ammonium borate solution

9% g of boric acid are dissolved ir 1000 =l of 1 N stendardised
ammonia. It is then titrated with standard HC1 using methyl orange as
indicator. PYroper céilution to 0.80 is then made.

(111) 10, Aumonium carbonate

50 g of (NH4 )2003 are dissolved in 500 ml of dist_rled water.
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(iv: 40% Aimonium acetate
2uld ¢ of ammonium acebtate are dissolved in 500 ml of distilled
w=ter.
I'4 - - S s+ { 3
() Stercn solution (fresh)

-

coboric acid snd 1 » ovarct r: aece into & paste with a little
water and then acded %o adout LC ml voiling disvilled water. It is cooled,

and made ap to 100 ml.

(vi) 0.1% nematoxylin solution

0.1 g henstosrlin is diszolved in 100 ml of distilled vater. It is

filtersa throy:: Tnote: No, 40 filter paper, and stored in an amber coloured

gottle.

(vii) 1:1 YO,

(viii) ¢.8 ¥ PH, OH

£.3 Cperationi~

(i) A suitvable aliquot of the test water {containing 1 to 10}.lg af AL)
is taxen in a 50 ml volumetric {lasck.

(it} 10 m1 of rresaly prepared stesrch solution are added.

(iii} 5 mi of 0.1% hematoxylin solution are added.

Yiv) After waiting for 15 minutes, 10 ml of 408 armmonium acetate are
added .

(v) After sbout 10 minutes, pH of the solution is adjusted %o

7.0+0,1 by usirgs 1:1 NG, and/or 0.3 ¥ samonia.

(vi; Time of pT adjustment is noted and after about 40 minutes 2 ml

of 0,8 I ammonium borate solution are sdded.

(vii) The solution is m=de up to 50 ni and the optiecal density is measured
altzr 2 lapse of 30 minutes on Seckman D spectrophotometer both at 610 nm and
73C nm against = resgent blenk. Difference in 0.D. at these two wave lengths
corresronds to the amount of Al present.

(viii)  Micrograms of aluminium are taen determined with the help of a

calibretion curve (Fig.B8) obtained similarly end simultsneocusly.
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7. CHROMIUM (Cro")

Tet Summary: Chromium in water samplees is determined spectrophoto-
metrically by camplexing it with diphenyl carbazide after oxidation with
potassium permangnate in acid sclution (pH = 1.0). Absorption measurements
are carried out at %40 nm, and it is possible to determire Cr3+
0.05 ppm.,

as low as

7.2 Reagentg:
(1) Chronium (Cr3+) standard soiution

0.5148 g of pure chromium metzl is dissolved in dilute H2804 by
gentle boiling. It is left overnight for complete dissolution. This

solution is then ftransferred to a 500 ml flask and the volume is made up
with distilied water.

4,5 ml of the sbove solution when diluted to 500 ml with distilled
water give a solution containing 10 lug ot +/ml.

(i1) Diphenyl carbazide solution

0.25 g of diphenylcarbazide is dissolved in A.R. acetcne, and made
up to 250 ml with A. R. acetcne only.

(iii) Potassium permanganate (0.1H)

0.316 g of potassium permanganete is dissolved in 100 ml distilled

water.

(1v) Sodium azide solution (1%)

1.0 g of sodium zzide is dissclved in 100 ml of water, and is
filtered if necessary.

(v) 5% Sulfuric acid
500 ml of cone sulfuric acid are added slowly to 400 ml of water
with stirring and cooling. 1% is diluted to 1 litre with water.

T3 Operation:-
(i) A sultable aliquot of the test water (containing 5 je t0

30}1g of Cr ) is taken in a 100 ml besker.

(11) pH of this solutmn is adjusted to 1.0 + 0.1 with dilute H,S0,.
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(111} A few drops (-~ 3) of C.1 N Kin0, are added to get a deep pink
colouration. The contents ere then hoiled on a hot plate taking care that

no spurting cceurs. Contiruous boiling is maintained far 20 minutes.

Pink colourciion should persist even after boiling, which ensures the complete

. R 24 o+
oxidation of Cr to (v

(iv) rraege MmO, colourslion is dewtroyed by the aucition of a few

4
drocs of sodiun azide colution (only one or two drops are required).
Boiling is continued for 10 more wirutes for the complete decomposition of

any resifusl azide present.

(v) The contents of the besker are then cooled in an ice water bath.
They cre tranaferred to s 50 nl volumetric flask containing 1 ml of 0.1%
d:ivheryl carbazice. Violet colour develops in about 2 minutes. The volume

is wede up to the mark and homogenised.

fvi) Optical density is meesured in 1 cm cells against a reagent blank
similarly treated, a% 540 nm within 5 minutes of mixing.

~+ s 3 1 kY
(vii) Yicrograns of or’’ are then detsrmined wita the nelp of a calibra-

‘tion curve (Fig.d) similarly end simulianeously prepared.

8, IRON (Fe” ')
a3 Summery: Iron is complexed with buienolic thiocyanate, and is

deteimined spectrophotometrically by measuring the absorbance at 480 nm at

concentretions upto 0,05 ppm.

8.2 Hea. tents
(1) Standerd solution of irom (III)

0.10C00 g of B, Merck G.R. metal iron or electrolytic iron is
weigned and dissolved in 10 il of cone HCl. The solution is then diluted
to 100 21 in a standerd volumetric flask,

10 m1 of this solution whern diluted to 1000 ml gives a solution
containing 10 pg of Pe- /ml.

(i1) Butanolic thiocvanate

10 g of KCNS is dissclved in 10 ml of water, diluted to 100 ml
with n~Butanol and shaken thoroughly.
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8.3 Operation

(1) . A suitable aliquot of the test water (containing 1 to 1O}Jg of
iron) is taken in a 50 ml volumetric flask.

(1) 0.5 ml of conc AR HCL is added.

(iii) 1 ml of saturated amaonium persulphate solution is added.

(iv) 10 ml of butanolic thiocyanate are added and the mixture made up
to 50 ml. The contents of the flask are ihen shaken well.

(v) The alcoholic aliquoi iz taken in a dry cell, and its optical
density measured at 480 nu ageinst a similarly treated reagent blank.
(vi) The amount of iron (Fe3+) is then determined with the help of a
calibration curve (Fig. 10) similerly and simultaneously taken.

9. NICKEL (Ni')

9.1 Summsry:  Nickel is extracted in the form of dimethylglyoxime

complex into chloroform, and the sbsorbance is measured at 375 mm. It is
'possible to estimate nickel at concentrations upto 0.2 ppm, if 5 cm path

length ceils are used for measuremeut of optical density.

9.2 Reager.is
(1) Standard solution of nickel

0.127% g of G.,R, MNiO is dissolved in T1:1 HCl, The solution is
then poured into a flask, amd diluted to 100 ml with distilled water. This
solution contains 1.0 mg Nis'/ml.

10 ml of the above solution are further diluted to 100 ml so as
2
to give e solution containing ‘IOO}zg of Ni‘"+/ml.

(11) 1% dimethylglyoxime solution

-1 g purs dimethylglyoxime is taken along with 50 ml distilled
ethanol in a beaker. It is dissclved by heating end allowed to cool.
The solution is made 100 ml with ethanol.

(iii) Anhydrous sodium sulphate
(iv) A.R. Chloroform
(v) 1:1 HCL

(vi) 1 M ammonia solution
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9.3 Qperation:

(i) A suitable aliquot of the test water (containing 20 to 120 pe of
N12+) is taken in a beaker,

(11) pH of the solution is adjusted to 9.5 with 1 M emmonia solution.
(1ii) 10 ml dimethylslyoxime solution is added

(iv) The solution is poursd into a ceparating funnel, 20 ml A.R.

chloroform ere added, ard equilibriated with the aqueous solubiorn for.

2 minutes.

(v) Mter the chloroform clearly separates out from the aqueous phase,
it is transferred to a %0 ml conicel flask having about 1 g of anhydrous
sodium sulfate, By gentle stirring, the moisture present is elimingted, and

the absorbance of the solution is measured at 375 nm against a reagent blank.

(vi) Micrograms of H12+ are then determined with the help of a calibra=-

tion curve (Fig.11) similarly and simulteneously taken.

10 COPPER (Cu> ")
101 Suumerv: Copoer is extracted into chloroform as 3-hydrohoxyquino-

line complex, and by vessuring aosorbances at 410 nm and 530 nm the error due
to possinle presence of iron is corrected. It is possible to estimate copper
at concentrations as low as 0.05 pom, if 5 cm path length cells are used for

measurement of cptical density.

10.2 Reagents :

(i) Standard solution of copper

0.1251 g of G.R. CuD is dissolved in 10 ml of 1:1 HOl, and is
diluted to 100 ml with distilled water. This solution conteins 1.0 mg Cu2+/ml;

10 m1l of this solution is diluted to 100 ml with distilled water
so a& to give a solution cmtaining 100 Pg Cu2+/ml.

(41) 2% 8-hydroxy guinoline solution

2,000 g 8-hydroxyquinoline are taker along with 10 ml glacisl

acetic acid in a 100 wl veaker. It is dissolved by heating, and the resulting
solution is diluted to 100 ml with distilled water.
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{(ii1) 1 M sodium hydroxide solution

40 g NaOH are dissolved in sbout 50 ml of distilled water;

cooled, and finally made up to 100 ml in a volumetric flask.

(iv) ‘4 M ammonium acetste solution

30.3%C g of ammoniuwn scetate are dissolved in zoout 50 my ox

distilled water, and diluted 1o 100 2l in a volumetric flask.

(v) A.R, chloroforn

(vi) dnhydrous sodiwn sidphate

(vii) 1:1 HC1

10.3 Operation:

(1) A suitaple aliguot of test weter (containing 0.to 20 e of Cu2+)

4
ig taken in a Leaker.

(ii) 2.5 ml of 3-hydroxyquinoline solution ere added and the pi

ad justed to 5,0 with ammoniuwa acetste.

(1i1) The solution ls poured ‘into : separating furmel, 20 ml of A.R.
chloroforn is added, and it is equilibristed well for 2 minutes.

(iv) ifter the chloraform leyer ssparotes out from the agusous phase,

it is Yraneferred 1o a conical {lask having sbout 1 g of anhydrous sodium
sulphete. By gentle stirring the moisture present is eliminated. Absorbance
is then meagured at 410 ard 550 mm ayainst a reagent blank. Difference in
0.D. at these twe wavelengths correspoﬁds~to the smount of copper present in’
the sample. '

(v) W.erograms of Cu2+ are ther determired with the 2elp of a cali-

bration curve- (Fig. 12) similariy and simultanecusly taken.

4
1. ZIRCONIUM (72" ')
11,1 Summary: Zirconium is complexed with zylenol orunge and determined

spectrophotometrically by measuriug the absorbance at 535 nm against a

+4
reagent blank. It is possible to uetermine as low as 0.05 ppm of Zr ~ by
this nethod.

11.2 Reagents:
(1) Zirconlum standard solution

1.7660 g Zr0312. 8H,.0 are diesolved in 500 ml of distilled water.
<

It gives 1" mg Zr4+/ml solution.
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5 ml of this solutisn on dilution to 500 ml with distilled water
give 10 ye Zr4+/ml solution.

(i1) Xvlenol orange solution

0.200 g Xylenol orange is dissolved in 100 ml distilled wster.

“iii; TR S0,

(iv) 5 M HC1O, .

11.3 Operation:

(1) A suitable aliquot of the sample containing 5 to 40 j& of Z;‘4+
is taken in & 25 ml volumetric flask.

(11) 2 ml of 2.54 H,50, is added.

(ii1) 4 ml of 5M HCIO, is added.

(iv) 2 ml of 0.2% xylenol orange solution are now added.

(v) The contents of the flask are then diluted to the mark and mized
well.

(vi) Optical density of the solution is then measured against a
8imilerly treated reagent blank at 535 nm.

(vii) Hicrograms of Zr4+ are then deterumined with the helo of a calibra-

tion curve (Fig. 13) similarly and simultaneously teaken.
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