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ABSTRACT

The s p e c i f i c a t i o n s 01" hif,h puri ty water employed in tne -water moderated

a'.-.d cooled power- r e a c t o r s sr'"1 ve ry s t r i n g e n t . A s t r i c t con t ro l and regular

a oni t a r i n g of some ol' t i e s p e c i f i c dissolved i m p u r i t i e s i s extreemiy e s s e n t i a l .

Proceedings f o r the qur^ . t i t e t ive deter ts inat ion a? sub micro£;ma amounts of

d isso lved oxygen (<.' 10 pob), F . Cl , NO, , bo r i c a c i d , Al "', Cr ; Pe ' , Ni ^ ,
+2 +4 ••"

Cu ' and ^r in hifj.i puritv wp.ter iiave been developed and steiKiarized, and are
pi-'iS^ntad in thin repor~.



WATER CHEMISTRY STUDIES: CHEMICAL ANALYSIS TUUUAL FOR MODERATOR
AID CMOLATv? '"ATETi SYSTEMS

by
P.K. T.Iathur, A.S. GoJ:hale and K.ij. Venkateswarlu

INTRODUCTION

The use. of high pu r i t y writer, i nc lud ing heavy wa te r , i s an e s s e n t i a l

i n g r e d i e n t of the developing nuclear technology in I n d i a , consequent upon the

gradual i n s t a l l a t i o n of water-mode rated and w^ter-cooled pcwe i- V i c t o r s .

According t o the present p l a n s , a l l the paver reactor : : which mifirt b.-? b u i l t

i n the next f ive years arp a l s o r;<">ing t o be based on w a t t r ar, moderator and

c o o l a n t . In view of t h i s , water chemistry acqu i res coinciderauie i n t e r e s t and

impor tance .

Maintaining the chemical i n t e g r i t y of the va r ious water systems

of out of p i l e and in p i le loops and in the water moderated and cooled power

r e a c t o r s i s of &reat importance t o ensure smooth r e a c t o r ope ra t i on , prevent

hazardous conditions resulting from the build-up of radioactivity in the

water, and minimise corrosion. Special mention has to be made regarding

specific imparities like dissolved oxygen, F , fil , TTCL, txnd some cations,

where a str ict control and regular monitoring is essential. Chloride, in

combination with dissolved oxygen, can lead to stress corrosion cracking in

stainless steel. Fluoride attacks the zirconium c:~ the zircaloy tubes .

Press no--; of dissolved 21 and NO., in high pressure-high temperature water

in presence of reactor radiation may give rise to the possibility of forma-

tion of HOI and UNO which are detrimental bo the mactar piping, valves and
+3

auxiliary units. The determination of other cstionic impurities such as Al ,

Cr+ ', Fe'1""', Fi+ ' , Cu+" f Zr+' , etc. , is essential to ensure that there is no

appi-eciable builci-up of tnese ione occurring in the system. Boric acid is

often used to control in i t ia l excess reactivity and i t is gradually removed

and i t s monitoring is also essential,

At the suggestion of Reactor Engineering Division, B.A.R.C., the

Chemistry Division has initiated a programme of work on water chemistry with

a view to help in the running of out-of-pile water loops that are being set up



by ?.w- tor T'lr.tfineorlr^ Tivlsion. revelopin. and rjtnndRrrtizine various pnnly-

ticp.a iiirvhodt; to ratei ^ /o i r r ^ a i lment . , is F. r.ecees^.ry ;>-rt of th is programme.

Keenin- "I hi:, objective In vif.-w, e lo.'iiictl procedures ±'or dutcrinin-ition of the

a t>ove-mentioned impurities- ;..t f .c i-ouiror] levels of eenfeitivity were s tand-

. , ; , . . , ; : . . .,,-,. . - ; : - ; - rJ" ' i : •...•! • . - jovt . ''"'-. ;•. :•• ab.:;er .ter'f, r no.'.1-, o t h e r

p n v . " i u . " I u:-!-'M'".;.-.'.Rr'.fc.; f '.<••''i •••• r-.1 c : t r d r - n ' .-^u.' . . i i e r m t J . c o T i C ' u c t i v i l i c t ; > p H , e t c . ,

w i l l b e .-• -•••<• ' • " ' - ? • ' •

1 . mz (T/:.1' :':,v--:h:T-:

,j i.-j•'.'.: o-i t f jpeci l ' ic- LinriiJ %* v<; CIKO1; oa^oC) i^er1 f o r t h e d i o i . o l v e d

oxy:;e"-. c-m'.r-.t i.vi tht; wi tpr o ' '-• <c " i ! ? type loop b e i n £ ae t u p , The oxygen

ii ^houl:1. ;-p? le'SR t.*-i.-:-*i-i H'1 ppb. V'ii'.re. I s f\ pofjsj ibi i i t j ' Uicit t.aoli a. low

vol >/ diRsol-.ji. oxy.-fu ,aif_. t bo oi.it- .in̂ O. by t'.e addi t ion oi" i i ^ raa ine as

xygen t;.:avan,"er. I t it: nlan dcEiiraole fcvi£'.t tlic dissolved oxygen content

v.isy 'on rcucii lo' or , i--fty, b ppb only,

1 .1 2\M\:iry: Il'i'-i de terninotioi; ci' dit£ilvt?d oxygen ir. t'le seuaple i s

carried out by the. "Vi.tiklc r it t '.or1 u-ith aoao apeciftl modlfici'tion. ?resiily

precipitated :iri.:ivjLi:- hyfiroxi'le ii-; oxidj VAKI by the dissolved oxypen, pretrom-

vbly io -l&iOl'O",̂  . 'Jj;on Rcicifict: bion in ire presence of iodide ion, the

''Tn ( i l l ) ic i"-IVJCCC1 to \ln ( l l ) , ere free iodine equivaleni. to the oxygen con-

c-L'iied ; s fomec . "''re-. ioO ire if. thec detei-nineci spectrophotometrically as i t e

triicK'.ide ion a t 287.5 ?J«. Pot^:-; iM-J iodate eolat ion i s ased to prepare a

st: r/,'-rd curve, oiiiriucitir!-; thi. neeO foi- atr*jc!cad oxyLyer iiaraples. r 'his is an

important ftdvt-..rt-?.4;e '..ViU- tiit- o i t i t - t ic i i-Tooeduj-o. I t i f ^o^sible to aeesure

l e s s tte .2 10 ppb '.if <JiBt:olvt.'d oxygen by thi:; method, i± one U3et; 5 era c e l l s .

^ #i: f̂̂  ptii-j:t Lon of DecX'.ypieiiatQd Water

;-'e.t-.r-i. in r i r a t d^'iiiner^liGod iieirVi a mixed bed rosin column. This

colanr ivi prwyiired by ;ai:d.r^ X E-77 cstioii e>:r.hant;er (H+ £ni\.\) and 1 S-78 anion

exchaiiger {u:i r am) ir; 1:1 proportion, "'ater flow mte. Inrough the bed is

maintained at about 5'-"'0 al/uia (foj1 & rc^in uecl voluae of 7 l i t r e s ) so as to

get t!: 'i2;u_r:kiralA.vj. /.aouj1 with specific conductivity 4 ','. 5yl< uiiios cul~1 and

pH it: f.-.ti rujijjc- c" G .3 to 7.w. lieiainerfvliieii water so obtained ic then passed

through a f1eoxjvf?rt'it.in^ IH.A-40? rjjior' exchange bed in the sulfite foira. A flow
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rate of about 400 ml/min (for a resin bed volume . of 7 l i t res) is maintained

through this column so as to get sufficiently good deoxygenated water (0

concentration^ 10 ppb). Before sampling, deoxygenated water is once again

passed through a second aixed bed deraineraliaftr so as to pet rid of any traces

of sulfite ions present, SK t';iey seriously interfere in subsequent chemical

analysis of residual dissolved oxygen.

1 .3 Reagents

(i) Alkaline potassium iodide solution

22.5 g KOH (AnalaR) + 45 g KI (Analal?) are dissolved in 100 ml of

distilled water.

( i i ) 0.0001 TT potassium iodate solution

1 oO ml of standardised KI0 (0.1 N) solution in diluted to 10G0 ml

by distilled water..

( i i i ) 9 M a;.S04

62 ml of pure cone H9o0. (AnalaE) is diluted to 250 ml by distilled

water observing usual precautions.

(iv) Mangnous sulphate solution

50 g of MnSO . 41 ,̂0 is dissolved in 100 ml of distilled water.

(v) Potassium triiodide solution

A l i t t l e amount of resublimed iodine is dissolved in 10^ KI and diluted

to 200 ml by distilled water.

1 ,4 Calibration procedure

2 ml each of the three reagents are mixed v/ith stirring with 354 ml

of water in the order: alkaline KI, H..SO , MnSO.. (These volumes are for a

calibration to be used with 180 ml sample bulbs).

25 ml of this solution in added to each of six 50 ml glass stoppered

volumetric flasks. One of these is filled to 50 ml ma-"k with distilled water

and is used as r-\ reagent blank. Appropriate amounts of 0.0001 N KIO, solution

are pipetted into other flasks to give the equivalents of 4, 8, 16, 32, and
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64 ppb oxygen (0 .25, 0.50, 1.0, 2 . 0 , and 4 . 0 m l ) . Each f lask i s then f i l l e d

t c ~h« mark, z-.d the solut ions made homogenous by shaking. Optical dens i ty of

efteVi o-1 t :e r so lu t ions i s me fin ore d in a s p e c t r o p h o t o ^ t e r using a 5 cm c e l l

c.:-.-ir:->z cha reagent bl •• r.lr "X .''.V.5 luii. A carve oi 0.1). versu.- ppb ox/gen ii.

p lo t ted ;.--. ri.v.'i, ...-; Fi(j. 1.

1 .5 ?r'--C'-:Uaro .Cor the test . .£.affl_gl&.v.

( i ) Sampling:- A 3«aapli; bulb aade of pyrex g las s (Pig. 2) i s mounted

v e r t i c a l l y a> '•: su i tab le support with both stop-cocks open. Nitrogen g a s ,

free froni ox:.,e: , it-- passec. tiirouyh f..s balo for about 15 minutes. The bottom

t i p if. NOW ccrjiected to the ecjipie l i r e v i th the sho r t e s t possible length of

fie tygjii tubing. Tiiu i'lo•••• of" t'lc te^ t water sample i s adj'Ofcted to about

1r<0 •iil/min. J'.].1 a i r babbles mast be removed f r o i the t u b i r j -inci the bulb . Test

v£t^r i t allovtfd to -"lovy cor.fcanuciaiy for a t JeriSt 15 r.iinute^, rnd prefers-, bly

30 toil'ut-es. 3ath the ctop-cock& r;re uov.1 c losed.

f i i ' Acalysiu of sa.nplos:- At t'.& tirae •'£" experiment vdtil t e s t saaples

f.ll X'::9. t'.i-.-se re fluents, viss., ?.15CJ-:7 irii KI, "cr:oO. , and H^SO, t>re Icept oxygen

j're>" l/y i.u'blitv,: oxygen-i"reo rjit.ro.'-an r.'-.roa. ii thtm continaoat.lv„ The sample

bulb c. ont.-iniru; -i,eBt sa'nplu ir. mounted v e r t i c a l l y with end "A" a t the top. 0.5 ml

0^ alkali1^;- KI in tr*>cisferre.d t c the ^ip of the bolb by F. ineasurin;- 1 ml p ipe t te ,

*r.d i s quLokly admitted to tfif.- bulb by careful ly opening the lov;er s top-cock.

Both the stop-coc11^ a re CIOESCCI, the t i p s rinsed with water , &nd contents mixed

by turr.iti;; Dver the bulb end several t imes.

In the same o&nner 0.5 ral of MnSO so lu t ion i s added through end "B".

Mixing must be thorough to ensure complete contact of the oxygen with the pre-

cipi tetecl mar>gEj;ous hydroxide.

Following the earns procedure , 0.5 ml of TÎ GO. i s added tltrout'h end '3 '

nnd the content? are a.t-f.in mixea . All p -ec ip i ta to should d i s so lve .

Burirr- tho £ mining of t te t rea ted sample, the f i r s t 10 t o 15 ml of

the solution ore discarded and the next 50 ml are co l l ec t ed in a volumetric

fl<3ek. This, i s taker, in a 5 cm path length spectrophotometer c e l l a f t e r proper

r i n s i n g . Another 40 to 50 ml of the sample arc taken i r t o another f l a s k , nnd one



-5 -

r'rrp of 0.1 TT eodium thiosulphTate solution i s added and nixed thoroughly.

This serves as 2 blank. Optical density of the sample solution is measured

nt 287.5 rai with the ârae s l i t width as was used in the calibration procedure

sir;' Vi~ z L- of ix;.\:en intei polrt?<?. Pr̂ -n the curve (l?v> 1). Jee ci 1^ en cell '

will increase t 0. ;-sr.;.itivi'i-y of me

".'he l in i t for f l u o r i c is lose tHar. C.05 ppon.

?.1 Siaoroary: 7'ecoloriBf'tion 0. J...ie Kirconitti: xylenol orange o he late ir-

1.2 i" I?' -.eijui by flaori<:e perdtc it;- rapid determina'.-i-ri ever ir, the presence

01 i t 1 '^ive'i v Iv. r( L :iiuoui:tt; of phoap'v.te , sulf-..t,e, aluminiiim, iron ( i l l ) and

ihRr.j ji.iif v ior?-. It is pc-f-iiule to .v.ccur*=tel."" determine as low ad 0.01 ppia of

flu arid e ii; the saniple if 5 om cello < re used for CD. measure riant.

' i } ZLrcoi.iu': ct-rdtu-d solution

?0.C ;x- ZrOCl7, SĤ C is teken in 40 ml disti l led water and added to

cold -.iluTie !iCl ;'5C0 -si cone. HC1+400 nl ^Titer). The volune is asde up to

10C0 3d.

( i i ) Xylenol Orange 'Jolur.i^

0.2 g, xylenol or-n^e 1.5 dissolved in 100 mi dis t i l led water, and

stored in an ariber coloured oottl'r.

' i i i ; ri.toride atandard

O.ij525 g NaF (BDH AiisL--̂ ) is dissolved in dis t i l led wat«rj tnd the

voluns made up to ?50 nil in a voluiastrio f lask.

One ml of the aoove solution v/hen diluted to 100 ml gives a solution

2 <:3 Operation

( i ) A suitable aliquot of test water, (containing 1 to 10jMg of P ) i s

taken in a 50 ml volumetric flask into *.ich 10 nil of the zircoraum solution

is already pipetted.
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( i i ) The contents of the flask are then heated ccntinuously at 60°C for

20 minutes.

f i i i ) The flask i s then cooled for 40 minutes.

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

solution is mede up to 50 ml.

(v) After about 1 hour, this solution is taken in 5 cm path length cell

p.nd O.D. at 545 ran is measured against an equally treated reagent blank.

(vi) Hicrogrum amounts of fluoride are then determined with the help of

a blenching calibration curve (Pico) obtained similarly and simultaneously.

3. CHLORIDE

The limit for chloride is less than 0.3 ppm.

3.1 Summary: Test water having, free chloride ion is made to react with a

saturated solution of mercuric thiocyanate. Mercuric chloride is formed, l iber-

ating a corresponding amount of thioeyanate ions. The free thiocyanate could

be determined spectrochotometrieally after completing with ferric i ron. I t is

possible to estimate free Gl~ sit concentration as low as 0.1 ppm if 5 c m . cells

are used fcr rceiisureiaent of optical density at 460 ran.

3.- Reagents

( i ) Standard sodium chloride solution

0.1649 g NaCl E. Merck G.H. quality is dissolved in 100 ml of double

dis t i l led water to give a solution 100/{g of Cl~/ml- 25 ml of this solution is

further diluted to 100 ml to give 25/Ug Cl~/ml.

( i i ) Ferric ammonium sulphate solution

12.05 g of feric aranonium sulphate pre dissolved in hot 9M HNO_, and

then diluted to IOC ml by double distilled water. 10 ml of this stock solution

further diluted to 100 ml gives 0.025M ferric ammonium sulphate.

( i i i ) Settiy ted mercuric thiocyanate solution

Mercuric thiocyanate is added to redistilled ethyl alcohol. The solutioii

is shaken for 30 minutes, and is filtered through Whatman No. 542 f i l t e r paper.



3.3 Operations

( i ) A suitable aliquot of test mater (containing 5 to 50#g of free Cl~

ion) is taken ir. a 25 ml volumetric flask.

vii/ 2 M! o-f ferric snrao'iiun sulphate S-iation art ad-ea.

( i i i ) 2 ml of mercuric thiocyana te solution art. tnen added.

(iv) After thorough mixing and waiting for about 10 minutes, optical density

is measured against a reagent blank at 460 ran using a 5 cm cell. It is essential

to finish the entire operation within 30 ainutes as the colour starts fading.

(r) Kicrogram amounts of chloride in test samples are then determined with

the help o'~ e. calibration curve (Pig.4) obtained similarly and simultaneously.

4. NITRATE

4.1 Summary: Fitrate icns present in the test sample are reduced to ammonia

by Devarda alloy in strong alkaline medium. Ammonia so obtained is steam disti l led,

and condensed in cold water. It is then eo-npiexed with Nessler's reagent, and

i s determined spectrophotometrically by measuring the absorbance at 370 nm.

K0 eancectration as low as 1.0 ppsa can be determined.

4.2 Reagents

(i) Nitrate standard solution

1.5178 g of sodium nitrate (AnalaB) is dissolved in distil led water,

and the volume made up to 250 ml.

5 ml of this solution when diluted to 500 ml gives a solution 10JU|g/mI

of nitrogen (l?) and hence 44tLg/nl of Nitrate.

( i i ) Nessler's reagent

6*25 g KI are dissolved in 25 ml distil led water. To th is , a saturated

solution of HgCl5 is added t i l l a reddish precipitate persists after brisk shak-

ing. The precipitate is dissolved by adding 30^ KOH, and the volume made up to

200 ml wilii 30^ KOH. This solution is taken in a beaker, and a few drops of satur-

ated HgCl_ are added again t i l l the precipitate reappears. It is allowed to stay

overnight, and i s then filtered. Filtrate is stored in a glass stoppered flask.
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4.3 Operation

(i) A suitable aliquot of the sample water containing 25 to 15Oy**.g of

nitrogen as nitrate it, taken in a round bottomed distillation flask.

( i i ) About 2 grams of Devarda alloy are then added to the aliquot,

( i i i ) Steam distillation assembly is then set up as shown in Pig. 5-

(iv) 5 ml of 60$ ITaOH are now added to the reaction mixture,

(v) Brisk reaction starts in the flask, which i s allowed to subside.

(vi) Hot stesm is now passed through the reaction mixture, the ammonia so

driven cut is condensed, and absorbed in J> flask containing very cold water.

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

flask, and 1 ml of Fessler's reagent i s added. The volume is made up to 100 ml

and the solution thoroughly mixed.

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

treated reagent blank.

(ix) Micro r̂ain amounts of nitrate are then determined with the help of a

calibration curre. (Fig. 6).

5* Boric acid

5*1 Summary t Test water having; boric acid or borate is made to react

with a polyvalent alcohol like d-aannitol, to produce an acid complex behaving

like a monovalent acid of mediun strength, which can be titrated potenticawtrically

against sodium hydroxide solution. The lowest concentration which can be

estimated is 2.5 ppm of boron.

5.2 fteagents

f1) 2L t 0 1 Na°H solution (according to boron content in the sample).
10 400

Cii) Saturated d-manritol solution (app 200 g d-aiannitol dissolved in

200 ml distilled water).

5.3 Operation

(i) An accurately known volume of sample solution is allowed to react



with 10 ml saturated mannitol solution in a beaker,

(ii) It is stirred thoroughly.

(iii) The solution is then titrated against H_ to H NaOH solution
10 400

(according to the boron content in the saapDe ) and the end point i s determined

froa the pR metric t i t r a t ion curve (?ig.7) .

5.4 Calculation

1 ral K Fa OH solution is equivalent t o 1.011 mg boron

mg ft ) l i t r e = V X 1.011 X 1000

E

where with IT Fa OH solution
10

V = volume of E__ NaOH in ral

B = volume of sanple pipetted out

6. ALUMBTIUM (Al3+)

6.1 Sunaaary;- Aluminium i s coaiplexed with hematoxylin at pi! 7.0, and

i s determined spectrophotoaetricaily by measuring the difference in absorbance

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

6.2 Reagents

(i ) Standard aluminium solution

0.1000 g of E. Merck G.S. metal aluminium i s neighed and dissolved

in 10 ml of 1:1 HC1. The solution is then diluted to 100 ml in a standard

volumetric f lask , with d i s t i l l ed water.

5 ml of this solution, when diluted t o 500 ml, giveB a solution

containing 10 pg Al/ml.

( i i ) 0.8 K amaoniam borate solution

93 g of boric acid are dissolved in 1000 nil of 1 N standardised

ammonia. It is then titrated with standard HC1 using methyl orange as

indicator. Proper dilution to 0.8H is then made.

( i i i ) 10^ Atnaonium carbonate

50 g of (EH )pG0_ are dissolved in 500 ml of disti l led water.
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(iv) 40^ A-amonium acetate

?uO j- of amnoniuia acetate are dissolved in 500 ml of distilled

(v) Starch solution (fresh)

i ;. boi-ie f-.cld find 1 .-• ^tarc'i ;-;--. n?.r-e into a. paste '.nth a l i t t l e

water and then aCied to about i>C ml boiling dis^illed water. It i s cooled,

and made up to 100 ml.

(vi) 0.1 ;a hsmatoxyiin solution

0.1 g hesisto^.-lin is dissolved in 100 ml of distilled water. It is

filtered throu^M "fautifiun No. 40 f i l t e r paper, and stored in an amber coloured

(vii} 1:1

(viii) 0.3 H PH. OH

6.3 Operation:-

( i ) A sui liable aliquot of the test water (containing 1 to 10 ug of Al)

is taken in a 50 ml volumetric flask.

Vii/ 10 ml of ireslily prepared starch solution are added.

(iiij 5 ml of 0.1?* hematozylin solution are added.

•.iv) After .vctiting for 13 rainutes, 10 ml of 40$ aamaniu-a acetate are
added.

(v) After about 10 minutes, pH of the solution is adjusted to

7.0+0,1 by using 1:1 HRC- and/or 0.3 N amnonia.

(vi ; Time of pH adjustment ie noted and after about 4-0 minutes 2 ml

of 0,8 !« ammonium borate solution are added.

(vii) The solution is vszae up to 50 nl and the optical density i s measured

after a lapse of 30 minutes on Seckman D.i spectrophotometer both at 610 nm and

730 nm against a reagent blank. Difference in O.D. at these two wave lengths

corresponds to the amount of Al present.

(v i i i ) Micrograais of aluminium are then determined with the help of a

calibration curve (Pig.6) obtained similarly and simultaneously.
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7. CHROMIOM (Cr3+)

7.1 Summary: Chromium in water samples is determined spectrophoto-

metrieally by ccmplexing it with diphenyl carbazide after oxidation with

potassium permangnate in acid solution (pH = 1.0). Absorption measurements

are carried out at 540 nm, and it is possible to determine Cr aB low as

0.05 ppm.

7*2 Reagents;

(i) Chromium (Cr ) standard solution

0.5H8 g of pure chromium metal is dissolved in dilute H_SO by

gentle boiling. It is left overnight for complete dissolution. Thi<:,

solution is then transferred to a 500 ml flask and the volume is made up

v/ith distilled water.

4.9 ml of the above solution when diluted to 500 ml with distilled

water give a solution containing 10 ug Cr /ml.

( i i ) Diphenyl carbazide solution

0,25 g of diphenylcarbazide is dissolved in A.R. acetone, and made

up to 250 ml with A- E. acetone only,

( i i i ) Potassium permanganate (0.11?)

0.316 g of potassium permanganate is dissolved in 100 ml distilled

water.

(iv) Sodium azide solution (1%')

1.0 g of sodium azide is dissolved in 100 ml of water, and is

filtered if necessary.

(v) 50$ Sulfuric acid

500 ml of cone sulf uric acid are added slowly to 400 ml of water

with stirring and cooling. It is diluted to 1 litre with water.

7.3 Operation i-

(i) A suitable aliquot of the test water (containing 5 IJg to

30 ug of Cr ) is taken in a 100 ml beaker.

( i i ) pH of this solution ie adjusted to 1,0 + 0.1 with dilute HgSĈ .



- 1 2 -

(iii) A few drops ( ' - ' "j) of C.1 K KMnO. are added to get a deep pink

colouration. The contents are then boiled on a.hot plate taking care that

no spurting occurs. Continuous boiling is maintained for 20 minutes.

Pink colouration should .ptraist ever, after boiling, which ensures the complete

oxidation of Cr + to CrU+.

fiv) v-cess '•< "Ji'"' colour;-.'•!on is destroyed by the auoition of a few
\ - • - -r,

drops of sodiao aside evolution (only one or two drops are required).

Boiling is continued fur 10 mere minutes for the complete decomposition of

any residual azide present.

(v) The contents of the beaker are then cooled in an ice water bath.

They t.re transferred to e 50 al volumetric flask containing 1 til of 0.1$

dipheryl carbazie'e . Violet colour develops in about 2 minutes. The volume

is tjade up to the mark and homogenised.

(vi) Optical density is measured in 1 cm cells against a reagent blank

similarly treated, at 340 nm within 5 minutes of mixing.

(vii) fvticrograns of Cr are then determined with the help of a calibra-

tion curve (Fig.9) similarly and simultaneously prepared.

8. IRON" (

?.1 Summary: Iron is complexes with butanolic thiocyanate , and is

detfci-nined spectrophotometrically by measuring; the absorbance at 460 na at

concentrations upto 0.05 ppm.

8.2 Reagents

(i) Standard solution of iron ( i l l )

0.1000 g of E. Merck G.R. metal iron or electrolytic iron is

weighed and dissolved in 10 ml of cone HC1. The solution is then diluted

to 100 ml in a standard volumetric flask.

10 al of this solution when diluted to 1000 ml gives a solution

c ontaining 10 ug of Pe /ml.

( i i ) Butanolic thiocyanate

10 g of KCNS is dissolved in 10 ml of water, diluted to 100 ml

with n~Butanol and shaken thoroughly.
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8,3 Operation

(i) . A suitable aliquot of the test water (containing 1 to 10 ug of

iron) is taken in a 50 ml volumetric flask,

( i i) 0.5 ml of cone AR HC1 is added.

( i i i ) 1 ml of saturated ammonium 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 then shaken well.

(v) The alcoholic aliquot is taken in a dry cell, and its optical

density measured at 4SQ run against a similarly treated reagent blank.

(vi) The amount of iron (Fe ) its then determined with the help of a

calibration curve (Fig. 10) similarly and simultaneously taken.

9. NICKEL (Ni2+)

9.1 Summary; Nickel i s extracted in the form of dimethylglyoxime

complex into chloroform, and the ebsorbance is measured at 375 nm. It is

possible to estimate nickel at concentrations upto 0.2 ppm, if 5 cm path

length cel ls are used for measurement of optical density.

9^2 Reagents

(i) Standard solution of nickel

0.1273 g of G.R. NiO is dissolved in 1:1 HG1. The solution is

then poured into a flask, and diluted to 100 ml with distilled water. This

solution contains 1.0 mg Ni /ml.

10 ml of the above solution are further diluted to 100 ml eo as
°+to give e solution containing 100 ug of Ni /ml.

( i i ) 1$ dimethylglyoxJae solution

1 g pure dimethylglyoxime is taken along with 50 ml distilled

ethanol in a beaker. It is dissolved by heating and allowed to cool.

The solution is made 100 ml with ethanol.

( i i i ) Anhydrous sodium sulphate

(iv) A.R. Chloroform

(v) 1:1 HC1

(vi) 1 M ammonia solution . ..
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9 -3 Operation,: •

( i ) A suitable aliquot of the test water (containing 20 to 120 ug of

Ei2 +) is taken in a beaker.

( i i ) pH of the solution is adjusted to 9-5 with 1 M ammonia solution,

( i i i ) 10 ml dimfcthylclyoxime solution is added

Civ) The solution is poured into a separating funnel, 20 ml A.R.

chloroform g.re added, and equilibrlated with the aqueous solution for

2 minutea. •

(v) After the chloroform clearly separates out from the aqueous phase,

i t is transferred to a 30 ml conicrJ. flask having about 1 g of anhydrous

sodium sulfete. By gentle s t i r r ing , the moisture present is eliminated, and

the absorbance of the solution is ineasured at 375 nra against a reagent blank.

(vi) Mierogrswis of ITi are then determined with the help of a cal ibra-

tion curve ( F i ^ . n ) similarly and simultaneously taken.

10 COPPER (Cu2+)

10.1 Summary: Copper is extracted into chloroform as 3-hydrohoxyquino-

line complex, and by ii.eatiuriii£ absorbances at 410 nm and 530 nm the error due

to possible presence of iron is corrected. It i s possible to estimate copper

at concentrations as low as 0.05 PP»i? if 5 cm path length cells are used for

measurement of optical density.

10.2 Reagents:

(i) Standard solution of copper

0.1251 g of G.R, CuO is dissolved in 10 ml of 1:1 HOI, and is
2+

diluted to 100 ml with distilled water. This solution contains 1.0 mg Cu /ml.

10 ml of this solution is diluted to 100 ml with distilled water
2+so ae to give a solution containing 100 ug Gu /ml.

( i i ) 2% 8-hydroxy quinoline solution

2.000 g 8-hydroxyquinoline are taken along with 10 ml glacial

aoetic acid in a 100 ml oeaker. It is dissolved by heating, and the resulting

solution is diluted to 100 ml with distilled water.
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(iii) 1 M sodium hydroxide solution

40 g NaOH are dissolved in about 50 ml of distil led water,

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

(iv) '4 M ammonium 'acetate solution

30.335 ^ of snmoniuni acetate are dissolved in about 50 mi ox

dis t i l led water, and diluted to 100 :al in a volumetric flask.

(v) A.3. chloroform

(vi) Anhydrous sodium sulphate

(vii) 1:1 HC1

10.3 Operation:

( i ) A suitaole aliquot of test water (containing O.to 20 ug of Cu*" )

is taken in a beaker.

( i i ) 2.5 ml of 3-hydroxyquinoline solution ere. added and the pH

adjusted to 5.0 with ammonium acetate.

( i i i ) The solution is poured into i: separating funnel, 20 ml of A.R.

chlorofona is added, and i t is equilibriated well for 2 minutes,

(iv) After the chloroform leyer ceparateB out from the aqusous phase,

i t is transferred to a conical flask having about 1 g of anhydrous sodium

sulphate. By gentle st irr ing the moisture present is eliminated. Abeorbance

is then measured at 410 ard 5i}>0 rmi against a reagent blank. Difference in

O.D. at these -two wavelengths correspond?: to the amount of copper present in '

the sample .

(v) Micrograme of Cu' are ther. determined vdth the help of a ca l i -

bration curve (Fig . 12; similarly and eimultaneously taken.

11. ZIRCONIUM (Zr4+)

11.1 Summary: Zirconium is coraplexed v;ith xylenol orange and deteniiined

apectrophotometrically by measuring the abeorbance at 535 nm agaiust a
+4

reagent blank. It D.B possible to determine sa low as 0.05 ppm of Zr by

thie method.

11.2 Reagents:

( i) Zirconium standard solution

1.7660 g Zr0ai2. SHn0 are dissolved in 500 ml of dist i l led water.

I t gives Vmg Zr +/ml solution.
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5 ml of this solution on dilution to 500 ml with distilled water

give 10 ug Zv /ml solution.

( i i ) Xylenol orange solution

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

( i i i ) •?.« M 5L,SO4

(iv) 5 TJ HC104.

11.3 Operation:

(i) A suitable aliquot of the sample containing 5 to 40 ug of Zr +

is taken in e. 25 ml volumetric flask.

( i i ) 2 ml of 2.5M HgSO is added.

( i i i ) 4 ml of 5M HC10 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 nixed

well.

(vi) Optical density of the solution is then measured against a

similarly treated reagent blank at 535 nm.

(vii) Micrograms of Zr are then determned with the help of a calibra-

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

The authors are grateful to Dr. J. Shankar, Head, Chemistry

Division, for his keen interest in the work. Authors also wish to thank

Shri K. Natrajan and Shri IT. Vishvanathan of the Reactor Engineering Division

for their help during standarization of the method for determination of

dissolved oxygen in water samples.



0-80

0 6 0 -

a 0-40

d

*

o 0-20

A» 287-8 nm

d™ § Cm.

O. D. Recorded against r*aa«nt

56 64 7216 24 32 40 48
—— Cone, of O2 In ppb

Fig. 1 Calibration curve for determination of ppb levels of Uisssived oxygen.



TWO WAY
STOPCOCK

—SAMPLING BULB
WITH 180 ml . CAPACITY

TWO WAY
STOP COCK

Fig. 2. OXYGEN SAMPLING ASSEMBLY



0-32

I 0-24
5

d
a

O

I
008

A a 545 nm

d • 5 C m .

O. D. Recorded against reagent blank.

0;Q2 O-p'4 006 008
i

0-10- •ppm

10 30 402 0
—•- Amount of F in j jg

Fig. 3. Bleaching calibration curve for determination of j jg amounts of F"

5-0





NaOH addition funnel

Boiling water

Heating mantle

Condenser

Sample soln.
Devarda alloy

Cold water
bath

Ammonia absorption
flask

Fig. 5. Steam distillation assembly for determination of NĈ  ion.
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