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 SUMMARY )

Purpose &
Contents

B Purpose

O Manufacture prototype of portable chloride ion measuring system of
coulometric titration method to measure chloride ion content
through precipitation of silver ions and chloride ions, the method
to remove obstacles caused by various anions caused by increase of
functional cement, admixture and imported recycled cement in
measur ing the chloride ion content in concrete for concrete quality
control and safety evaluation of old buildings
- Optimization of an background electrolyte solution composition on

repeatability
- Design and implementation of sensor module for coulometric
titration method

Development of coulometric titration system such as constant
current approved circuit

Design of algorithm for controll and operation

Bl Contents

(O Research of background solution composition

- Research on precipitation characteristics according to the base
solution of (acidic, neutral, and alkaline) pH conditions

- Research on precipitation characteristics according to the
addition of thickener for used to hold silver halide crystals in a
background solution

- Research on precipitation characteristics according to the
addition type and content of the oxidizing agent for reactive
initiators

- Research on precipitation characteristics according to the
addition type and content of thickener for used to hold silver
halide crystals in a background solution

- Research on precipitation characteristics according to the
addition type and content of antiseptic for prevent corruption in
a background solution

- Long-term stability study of optimized background solution

O Research of acid-soluble and water-soluble extract composition
- Research on the extraction of according to type and content of
acid in acid-soluble extract
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- Research on the extraction of according to type and content of
buffer in water-soluble extract

O Research on the characteristics of sensor electrodes
- Research on precipitation characteristics according to shape of
anode
- Research on precipitation characteristics according to purity of
anode

O design and manufacture of Sensor housing
- Design and manufacture of sensor housing reflecting electrode
material and electrode shape

O Design of coulometric titration system circuit
- Design of constant oxidation current approved circuit
- Oxidation current control and reference voltage circuit design
- Design of electrical signal detector circuit for changing an
electrical signal at oxidation

O PCB design and manufacturing
- Noise Analysis and Block Design by PCB Pattern
- Radiation noise reduction design
- Isolation Design of Analog GND and Digital GND

O Design and manufacture of measuring device
- Measur ing device design considering user convenience

O Study of algorithm for controll and operation
- Design of algorithm for controll and operation used to change of
measured voltage according to oxidation current changes
- Design of control algorithm for change of applied oxidation
current according to the chloride content in samples
- Design of algorithm for change of measurement time according
tooxidation current control

O Commercialization of chloride meter
- Research on Commercialization of background solution
- Measuring device case design considering the user—friendliness for
field use
- study of ready mixed concrete water extraction device for field
use




Commercialization of coulometric titration type portable chloride
meter

O Field Test
Per formance evaluation using real samples for field tests

- Field Test at Ssangyong cement industrial research institute

Field Test at Tongyang construction materials research institute
- Field Test at korea concrete testing laboratory

O Manufacture prototype of portable chloride ion measuring system of
coulometric titration method to measure chloride ion content
through precipitation of silver ions and chloride ions, the method
to remove obstacles caused by various anions caused by increase of
functional cement, admixture and imported recycled cement in
measur ing the chloride ion content in concrete for concrete quality
control and safety evaluation of old buildings

O Qualitative performance

Results
- Measuerment rangr: 0.003 % ~ 3.0 %
- Accuracy: £ 3% F.S.
- Resolution: 0.001 %
- Reproducibility: C.V. £ 3%
O Quantitative performance
- 2 Registered patent / 3 Patents application(Kr, PTC)
- 1 Test Report / 1 Field Test Report
- 1 prototype of portable chloride ion measuring system
O Application plan
- Quality control of ready-mixed concrete manufacturers
- Quality control of ready-mixed concrete production materials such
as cements, aggregates and admixtures
- Safety management of major social infrastructures where concrete
structures are used, such as roads, bridges, buildings, offshore
Expected plants, tidal power, port, power plant, factory, plant safety

Contribution

diagnosis

- Quality Control of Concrete using secondary product (files, a
Hume concrete pipe, etc.) manufacture

- Research on the durability of construction-related laboratories
and university

O Expected Effect




- Provide basic data necessary for research such as quality control
of concrete and safety diagnosis of buildings

- Applied a variety of basic technology for Building Safety
Inspection the development of test equipment, etc.

- By replacing expensive imported equipment with domestic equipment
through localization of concrete chloride measurement system
which was dependent on import

- Through the development of the concrete chloride measurement
system, contributes to strengthening the government's safety
diagnosis of buildings, such as reinforcing concrete quality
control and strengthening safety diagnosis of old buildings

Keywords

. Coulometric Quality
Concrete Chloride , , Portable
Titration Control
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YUY 2E ZIYE ol &, 3
KS F 2563 1=, 22, 3% 0.02 % ©|3}

AYER n=2EY T vRT

KS L 5405
o 1%, 2%, 3%, 4% |¥x9 74 3o
Zefol oA
RSEDOT g g sae®| 03 % ole

g9 ES A7 E
KS F 2560 ABAl, 2R AL ABZRAL |y oo

ZIYEL BT T SAER4A

2 = R 0.04 % o]3a}
= g =) 0.03 % o3}
KS F 2527 A &g A 0.03 % ©o)s}
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45 <91 =A 0.04 % o]&}

0.025 % ©]s}

KS F 4009 A 0.04 % ©ol&}
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Uduk ZH2E 0.04 % ol&t

ZAYE FREATA )
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# 38 FY ZIYE I = THHF ) E=

T & ®EY g = A3lE 7+
KS F 4009 SERLRE 0.30 kg/m® ]}
g ~E ZIE TAF A A 0.60 kg/m® ©]3}
KS F 4306
| ZEEA A A ZIYE W 0.20 kg/m® o]}
[e)
ZA ;f 1A% TIE T
A E
= 3 0]3
FIAYE FFEAA e 030 keim oI5
Aol 7| &ape] &9l ) 0.60 kg/m® o] &}

AT FAPAE ¢ 2AHE|0.30 kg/m’ ©]3
FAYE FRAEAAVE ¢ To"] 7 i 2 30 kg/m® ©]s}

W7 &R 42 A 0.60 kg/m® o]&}

Al E 300
kg/m® AL-& A

0.18 kg/m® o]a}

0.06 % ©]3}
& ZIYE FFZALA [ FEE =2d 2 ZagE
Az3 Aol AY 57 22
AvtE A f£32E 3.00 kg/m® o3}
1.00 % ©]3}
7Ief A 23 E

0.90 kg/m® ©]5
0.30 % ©]3} g/m et

(2) 2 F d2o]2

THE Proleo] ZIAE FHOERE Y%

@ Y YA oF AE e Fwo] AME HE ZIE TREE 5t
A7 AekA et tr) Fo Y Al AR Tare] PRo] B

@ AW shetAo] oF A F2 w2 wY 5o 2aYE A AW e =
AHEEE AL CaClyt NaCl S0.24 A sstA7F 52 ol o3t 3 37
HohA = T2E QadA AE

@ 7lg A=zel % AE . FAE <8 PVCrH AzxWA PEHE HCl|
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2E SHAE Hrlste Aoz LA ol & 313 =AY A TN uiEg S
A zste] @3folo T I 54 2 54 AFES I AF] SALMATE-1003 =4
H| w8t Aot
& 311 AH, T4, 9714 =1 vtgEd =24
=7 NEET 4 = 914 =2
(Wt%)
24 Acetic acid Nitric acid =74 buffer ¥ 714 Buffer
1-1 1 -
1-2 5 -
1-3 10 -
1-4 - 1
1-5 - 5
1-6 - 10
1-7 5
1-8 5

£ 312 48, 4, 9714 24 g g dstele =3 A

2B DY-2504 SALMATE-100

Z4 0.05 wt% CI° 0.5 wt% CI’ 0.05 wt% CI° 0.5 wt% CI°

1-1 NR NR NR NR

1-2 NR NR NR NR

1-3 NR NR NR NR

1-4 NR NR NR NR

1-5 NR NR NR NR

1-6 NR NR NR NR

1-7 NR NR NR NR

1-8 NR NR NR NR
A ZIire ® FAAI AgRlS HUEE viRER Y A dtol A 54 H SAHAIL
3 3140 yebd mie} o] HAmHowm 1 % oJllE YEwoew, FHA FEFE 0.05
wt%oll Al 7HE B8 SA- 7S JEidY. B A3 A94E aig o R g 2ds fAEE
718 ofA| E4HAcetic acid, CH;COOH)E H7}ste= Wi oz fAsta, AH3A 9483 st
A4l 2(NO3) H7be AAte g2 FHFol Fox+= F4KNitric acid, HNO)< thAlsl7] <3k

222 AAAEGodium nitrate, NaNO3) 5& H71ets AH-S 2339
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® 3.13. 24 Z2HoA FHAZ gelatineS H71gE vig&l 24
7=
(Wt%) Acetic acid Nitric acid Gelatin
ZA
2-1 5 5 0.01
2-2 5 5 0.05
2-3 5 5 0.1
# 3.14. A =doA FHAE HUeS nigEd 9] Aslol A Ay
2B DY-2504 SALMATE-100
=7 0.05 wt% CI° 0.5 wt% CI° 0.05 wt% CI° 0.5 wt% CI°
2-1 0.0525 0.4820 0.048 0.505
2-2 0.0508 0.4987 0.050 0.505
2-3 0.0518 0.5082 0.051 0.504
CBES NAIAZR H7Vste AtsAl Y T/ 2 e wE HA vs 5 AT
A 20 SHEAR AZES HU)SE viggdol ¥H-3-o] JAA R HIlsteE FitshA
T ME E 315 A vig&AE A xSt dlold dUig HH EAH 2 =H4
A2 JdE A ZF<2 SALMATE-100% =4 8w sty ).
3 3.15. AW SHA 71Hke] ks AStAlE HU1SE bl gl 2 A
7= .
Acetic .
(Wt%) d Gelatin | NaNOs; | KNO3 | NaClO3 | KClOs | NaClO, | KClO4 | HyOo
e aci
3-1 5 0.05 5 - - - - - -
3-2 5 0.05 - 5 - - - - -
3-3 5 0.05 - - 5 - - - -
3-4 5 0.05 - - - 5 - - -
3-5 5 0.05 - - - - 5 - -
3-6 5 0.05 - - - - - 5 -
3-7 5 0.05 - - - - - - 5
Ae Ay 7 3160 yehd Hlel o] HHEHOZE 1 % olUE AHAIEE YEW o
d A4ko]2(Chlorate, ClOs) AlES] A ALesZodA HAIEr7} HojX= ASE YEOH,
kst 4-a= (Hydrogen Peroxide, H:02)9 7% S 0] o] FolX A g+ AS=E YEyth



A

SALMATE-100

0.05 wt% ClI'

0.5 wt% ClI'

0.508
0.491
0.488
0.475
0.517
0.517
NR

0.051
0.051
0.053
0.053
0.052
0.053
NR

|

s

3 lerg o) Ao ¢s}ol

A EHA

B S AT

1

0]
yil

Ok

DY-2501 «

0.05 wt% ClI'

0.5 wt% CI'

0.4979
0.4938
0.4730
0.4882
0.4637
0.4667

NR

0.0509
0.0518
0.0495
0.0493
0.0472
0.0476
NR

HA 7)) o

3.16. AHd 5

*

ap

puzel

N

3-1
3-2
3-3
3-4
3-5
3-6
3-7

wjr

o

8

=

=
Dextrane

Alginic

acid

Cellulose

2 A F<1 SALMATE-1002}

Agar

Gelatine | Pectin

NaNO3

acetic

acid

=

7=
(Wt%)

J

=

Fo dsto] 2o o

AT

3.17. AHA3 AEskA] 7]

°

9

A Z
H] 1

-
st

puzel

N

0.05
§9)

&
=7 Az

Kok 5ol
b

7
27
=

0.05

A

=

¢}

0.05
gl (Pectin)<

I_ﬂ_}
SR

=
o

0.05

& npe-g-ofol 4o 3ol

(Agar)

al

gl

0.05
5t
H 3}o
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— 49 —

.

=

[e)
2SAIE FH 7}

0.05

ebd ke,
4 7h kol
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TE DY-2504 SALMATE-100
= 0.05 wt% ClI' 0.5 wt% CI' 0.05 wt% CI' 0.5 wt% CI'
4-1 0.0509 0.4979 0.051 0.508
4-2 0.0518 0.4912 0.053 0.520
4-3 NR NR NR NR
4-4 NR NR NR NR
4-5 NR NR NR NR
4-6 NR NR NR NR

dote HAHAES HA HFHE FAS] A SHAY] A A AF o £ Y
MAER sl RI)sly] wiol v gole] my ehgAd ZwolA WRAE HrlslnA
Atk AHE Zbsd RA FRol w2 ¥ 319 249 vy 9L Azdtel dslo] 2o
e Jd 54 9 34 A=ES dE AFQ SALMATE-1003 =4 wlwstgith
£ 319, 234 Avkel wE thkd WRAE Ao e 24
A7+ = . .
. ; ) Benzoic Salicylic ) )
(Wt%) | Acetic acid NaNO3 Gelatine i i Sorbic acid
acid acid
ZA
5-1 5 5 0.05 0.05 -
5-2 5 5 0.05 0.05 -
5-3 5 5 0.05 - 0.05
4% A E 3200 Ut wheh o] BE :AoA 1 % oY 5% FFEE
Uelgton, dutx oz 71 de] AMRE 1 = Benzoic acidE AEstgTh o7 gk A3
AsE Jow wegde] ny gy ATE APk

# 320, 2HA Arbol HE T PRAE WA vhkgelA ) Psjole =4 A3}

FE DY-2504 SALMATE-100
=7 0.05 % CI 0.5 % CI 0.05 % CI 0.5 % CI'
5-1 0.0490 0.4852 0.052 0.513
5-2 0.0512 0.4946 0.053 0.520
5-3 0.0475 0.5190 0.053 0.528
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ah AHskE whege 249 7] Y AT
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5273t 143 S4%AaL, F= = = 7% - 005 %, 0.1 %, 0.3 %, 0.5 % -
oA d3tolee Wi HH 54 B A FIA=E dE AFA SALMATE-1003} =74
H] 3} T
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W 2o  wAE Fslo] eSS  FEFAHS) A FEE @Is  AASTA
Hie 27 HO0)e o] mE EA HstE AR
FZ2N 36 goll ANMYE 79 U =& AZENA AHN AF3t ZIYEES BT AE 4 g
A7Vsk a1, Touch mixerE o] &3t 208 1+ F=39
® 3.22& 44 oMM EAL Bl Fatsteage] WSt wmE AR FF A5 pH
Hals Uepd Az 24 14 ~ 24 180 A ZIAYES AFEA FEHoE AT
Ao Z YEeYTH
ol#3 AY AFE nigho g HA3lo|L F= Ay F 32304 HE HIe} Zo] AAHoR
AR 22 EAS BYoy, = 3 pH W3, = EA 59 g AKX 5&
st 244 178 HH 2AH0E HAAsAH.
3 323 A7 FEAY A3 FAYE FEole & 54

T DY-2504(%) SALMATE-100(%)

Z414 0.092 0.088

%415 0.087 0.081

%416 0.076 0.073

ZA417 0.072 0.071

%418 0.068 0.067

U, 584 3290 9% 89 25 2 P B £F 54 AT
ZaeEe] A WHE EFAS R gel T Aoyl dou) dAHow pH 12
ol el e pHE Ush)y] Wi A3 2aziee] £84 4% 8% A TRSE AL
A% %2 ® A8 pH 94 12 o|4e] %& pHE UEhiA ok oldd %& pHAlAE
A7 N A 24z dFS v12 > ok

& g5 7ol T4 I9H 7 lﬂﬂ)"] ’}}%—ﬁ}ﬂ et FRY 4589 - ACES; N-(2-
Acetamido)-2-aminoethanesulfonic acid, BES; N,N-Bis(2-hydroxyethyl)-2-aminoethanesulfonic
acid, MOPS; 3-(N-Morpholino)propanesulfonic acd, PIPES; 1,4-Piperazinediethanesulfonic acid
- = A&t FEAIR S AAEA

F8A4 FZ299 FrE 01 ME IANPL, F29 36 gd ANE F9 g =%
AFEANA AATZ A ZIYUEE BT As 4 g& H7FSI¥A, Touch mixers
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kel o] ACES, BES 299 A% 0056, 00542 A9 FY
UERA whd MOPS F&°1e] A% 0037 %2 tha @A ZAH
%= 3} o] =A YERRT

324 4T 4F &S ol&F A FEH9 & U5 pH W3t
FZ=9 useful pH range % A pH = % pH
0.1 M ACES 6.1 ~ 75 3.9 9.6
0.1 M BES 6.4 ~ 7.8 3.7 8.6
0.1 M MOPS 6.5 ~ 7.9 4.1 8.8
0.1 M PIPES 6.1 ~75 2.7 8.6
® 325 784 FEAY v& Ftl 2 % AF pH W
FE useful pH range F= A pH % % pH
0.3 M ACES 6.1 ~ 75 3.9 7.0
0.3 M BES 6.4 ~ 7.8 3.2 7.3
0.3 M MOPS 6.5 ~ 7.9 3.8 7.1
0.3 M PIPES 6.1 ~75 2.7 4.7
3 326 T&A F=A9 A3 ZAYE Aol = 54
T
= DY-2504(%) SALMATE-100(%)
0.3 M ACES 0.056 0.057
0.3 M BES 0.054 0.050
0.3 M MOPS 0.038 0.037
0.3 M PIPES 0.159 0.153
o] & gt o

36 gol AL FA Y =%
4 g& H7FskRal, Touch mixers

Mol A= 3 3.27¢ vhhd nie}
A8t ont, d3tol2 +=E A ACES, BES
Ch
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Ao gl we galole 24 A3

=1 DY-2504
=4 0.05 wt% CI° 0.5 wt% CI
Ag rod, 3.2 mm, 99.98 % 0.0512 0.4879
Ag wire, 2.0 mm, 99.99 % 0.0478 0.4969
Ag wire, 1.5 mm, 99.99 % 0.0515 0.5128
Ag wire, 1.0 mm, 99.99 % 0.0482 0.5150
E 330, & AFY ¢xo nE dfole =4 A
=A%) DY-2504
=4 0.05 wt% CI° 0.5 wt% CI
Ag wire, 1.0 mm, 99.99 % 0.0485 0.5175
Ag wire, 1.0 mm, 99.9 % 0.0515 0.4872
Ag wire, 1.0 mm, 99 % 0.0511 0.5149
2. WA a4 AA L A=
7 AS AT AT FHE G e AA e AA D AR
Az Y @3le]2(Cl)3e] HARSS £25 FA1717] Y&l A= wuk motor, A= IF
ol AAD, whge] Am H7F A AgA Hol4, npgdo] o] WE 24 2 BE

2 aHste AASITHTH 3.14).

5 |
Tre] Serhmmre
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(Salmate-100) o 7|E Anlo] nH3|
Aol =5
¢ Aol awsm
I ‘ Y
Ane AYAE | Age Agw | o0 WiEE "
s =&Yl 874
. APl B
T3 f
D5 |
A=k A4 « AH7E 27k | R
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(G20S) o AFAHo] =& =,
CQaole vE 9 988 $4F 3427
- 157) A2 BReIA AT BISFE 2 J10)E ol AT Faole vE A
= X 3423 ¥ 3439 YeRA nie} 2o



® 342 ZF SAH7I7E o] &3 dLold FE(ES - %)
ax DY-2504 Salmate-100 | &4H2 27 G20S DY-2501
T (A9 FAR) | A AR | KS F 4009 | (AR AAH) | (o] M)
AXNE 0.097 0.098 0.097 0.098 0.100
BAl & 0.098 0.094 0.097 0.097 0.101
CAE 0.094 0.094 0.096 0.092 0.093
DA 0.095 0.097 0.095 0.094 0.100
EA= 0.096 0.094 0.096 0.099 0.100
FAI= 0.098 0.101 0.099 0.098 0.100
GAl = 0.176 0.180 0.180 0.183 0.409
HA & 0.156 0.159 0.152 0.153 0.451
= 0.031 0.024 0.024 0.024 0.029
NE 0.038 0.037 0.036 0.036 0.037
KA = 0.039 0.040 0.036 0.034 0.035
LAI= 0.032 0.033 0.030 0.033 0.034
MA = 0.074 0.074 0.072 0.074 0.064
NAI = 0.025 0.020 0.020 0.021 0.019
OA & 0.026 0.022 0.022 0.022 0.022
3. 343 At d3= SAH7IDY-2504) ¢ 74 54719k daol2 w5 AHES %)
S DY-2504 Salmate-100 | &4F2 A AH G20S DY-2501 «
T (A9 B | (A9 A | KS F 4009) | (R AR | (o] - =)

AN = - -0.001 0.000 -0.001 -0.003
BAl & - 0.003 0.001 0.001 -0.003
CAl& - 0.000 -0.002 0.002 0.001
DAI& - -0.003 0.000 0.001 -0.005
EAl® - 0.002 -0.001 -0.004 -0.005
FAl & - -0.003 -0.001 0.000 -0.002
GAl = - -0.004 -0.004 -0.007 -0.233
HAI = - -0.003 0.004 0.003 -0.295
N= - 0.007 0.007 0.007 0.001
N= - 0.001 0.002 0.002 0.001
KA = - 0.000 0.003 0.005 0.004
LA & - -0.001 0.002 -0.001 -0.001
MA| = - 0.000 0.002 0.000 0.009
NA & - 0.005 0.005 0.004 0.006
OAl & - 0.004 0.004 0.004 0.004
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3. 345 4 Nz dEkE

(Y] - kg/m?)

ax DY-2504 Salmate-100 | &4H2 27 G20S DY-2501
T (A9 FAR) | A AR | KS F 4009 | (AR AAH) | (o] M)
AXNE 0.160 0.162 0.160 0.162 0.165
BAl & 0.155 0.150 0.154 0.154 0.160
CAE 0.154 0.154 0.157 0.151 0.152
DA 0.151 0.156 0.152 0.150 0.160
EA= 0.153 0.150 0.154 0.158 0.160
FAI= 0.166 0.171 0.167 0.166 0.169
GAl = 0.300 0.307 0.306 0.311 0.696
HA & 0.265 0.270 0.258 0.260 0.767
= 0.048 0.037 0.038 0.038 0.046
JANE 0.064 0.062 0.060 0.060 0.062
KA = 0.066 0.067 0.060 0.057 0.059
LA & 0.052 0.054 0.049 0.053 0.055
MA = 0.124 0.124 0.121 0.124 0.108
NAI = 0.042 0.033 0.033 0.035 0.031
OA & 0.043 0.037 0.037 0.037 0.037
. 346, A7 @3E ZH710DY-2500)2 7+ ZA7)9ke] AsE FHF AHE : kg/m)
S DY-2504 Salmate-100 | &4F2 A AH G20S DY-2501 «
T (A9 B | (A9 A | KS F 4009) | (R AR | (o] - =)
AN = - -0.002 0.000 -0.002 -0.005
BAl & - 0.005 0.001 0.001 -0.005
CAl& - 0.000 -0.004 0.003 0.001
DAI& - -0.004 -0.001 0.001 -0.009
EAl® - 0.002 -0.001 -0.006 -0.007
FAl & - -0.005 -0.002 0.000 -0.003
GAl = - -0.007 -0.006 -0.012 -0.396
HAI = - -0.005 0.007 0.005 -0.502
N= - 0.011 0.011 0.011 0.002
N - 0.002 0.003 0.003 0.002
KA = - -0.001 0.006 0.009 0.007
LA & - -0.002 0.004 -0.001 -0.002
MA| = - -0.001 0.003 -0.001 0.016
NA & - 0.009 0.009 0.007 0.011
OAE - 0.006 0.007 0.007 0.007
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1. D. M. Coulson, and L. A. Cavanagh, “Automatic chloride analyzer”, Anal.

1245-1247, 1960.

Chem., 32,

15 the change i efficiency that results
when an ion changes its charge within
the membrane as a result of hydrolysis
or disoeintion.  For example, aome
cation: will hydrolyze il passed from
an acidic medium to 8 neutral or alkaline
one; anions sueh as dibydrogen EDTA
can plek up or lae protons.

Diffusion. In extreme eases, such
s one in which 1.0 sodiom hy-
droxide was used in the membrane
cell, diffusion of cabions and pnigns
through the membrane was suggested
a5 a supplementary process to inber-
diffusion,  However, interdiffusion
appears to be the factor that will be
enecuntered most frequently and will
set the kower limit on sample size and
current.  Interdiffusion can be redeced
by lowering the concentration of elee-
trolyte on the outside of the membrane
aml by the use of lﬁ.'rEP. eotintar ionng in the
supporting eleotrolyte. Large ions can
introduce association effects, but the
magnitudes of such effects should be
small beasws: of limited penetration of
the membrane by the ion.

Interdiffusion ean abso be controlbed
in analyses of small amounts by using
smaller membrane sreas. Under bdeal
eonditions, the minimum current density
was gbout 0.2 ma. per sq. cm,, =0 that
a membrane of 0.1 8. em. would permit
Lhe 1 ol cwrrants down Lo 0.1 ma.

Polarization. The upper limit on
rurrent density is polarization of the
membeane due to depletion of rengent
ions st the inner surface of the mem-
brane (8}, Polarization can be de-
arepssd By eticring the solution in the
membrane cell and by increasing both
the membrane area and reagent ion
concentration in the eell,

The nee of high currents may, how-

ever, generate in the membrane ocll
significant concentrations of ions of the
same charge as the reagent jon. For
example, i & substantial concentration
of hydroxide were produced during a
titration with chloride, it could be
transported through the membrane and
would thereby decrense the observed
effiviency  for ohloride. To minimize
that effect, = substantial volume of
maderstely concentrated reagent ion
should be wsed and frequently replaced
with new solution, Alternatively, solu-
tions eontaining acid o an essily re-
dusible jon ean be used in studies of
avkpn teansport, and basie solutions
or axidizable eleetroden for cation trans-
port.  If such alternatives are imprac-
tienl, the electrode can be selated from
the solution in the membrane cell by
o fritted disk.

CONCLUSIONS

Passage of ions through selective
membeanes  enlarges the number of
reagents available for coulometric titra-
ticnz, In some eases, it also provides
& convenicnt means for accomplishing
the snme goal as external generation of
reagentz without causing significant
changes in the volume of the titrated
solution.  Although the current el-
fleieney & not VO0L0SE, it is usually re-
producible to better than 209 under
any set of controlled conditions. It
appears, therefore, that this technigne
should be uscful in continuous analyses
of process streams,

In the future, the availahility of more
selective membranes should lesd to
hetter precision and higher current
efficicneies,  Homogeneous membranes
af higher oross linking and lower ea-

Automatic Chloride Analyzer

DALE M. COULSOM and LEOMARD A. CAVAMAGH
Deportment of Chemistry, Stonford Research institute, Menlo Park, Colif.

* An outematic coulsmetrie  fitration
methed hos been developed for the
determination of chloride in  com-
bustible samples. The methed is rapid,
requires less somple, and is more
occurate than methods corrently used.

HE 80T eommonly used method of

determining chloride, bromide, or
iodide in organic materiala invelves the
combustion of the organic material in a
mirrpcombustion furnnee followed by n
separate amperometrie titration with
silver mitrate, To improve the speed

and securacy of this type of analyves,
a completely automatic method  of
combustion  and  titmtion  has  been
dewveloped, The titration method em-
ploys a variable voltage and variable
rurrent  eoulometer  suitable for  the
continuous monitoring of the chloride
content of & gas stream. The titration
vell is connected directly to the com-
bustion apparatus and the titration is
performed  putomatically during the
combustion period. P‘rmwmn]y -
ported  coulometeie  eirenits (1, 2
utilize & ponstant current spuree and the
integral of cometant current multiplied
by varinble time s recorded, In this
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pacity should be of partioular interest,
Btudies of other solvent systems should
aleo be useful.
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newly developed systern, the carrent
multiplied by the time s inbegrated
and recorded. However, the current
is varied as needed to maintain a con-
stant level of elver fons in the titration
cell during the titration.

AFPPARATUS

Titration Cell. A coulometric titra-
tinn eell has been developed that s
suitable for the titration of 0.1 to
1000 ug. of ehloride with internally gen-
erated silver ion.  Figuee 1 ks a perspec-
tive view of the cell. Figure 2 consists
of eroas-sectionnl views of the cell taken
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Figura 1.

Panpecilve view

Titration cell

nt 90° angles from each other, The ccll
components pre listed on the figures,
The solution bevel should be from 0.5
tir 1 e, above the top of the metal elee-
trodes. A small mognetic stirving bar is
placed in the cell operded at 500 to
1500 rpun. The total slectrolyte ca-
ity of the central chamber of the cell
15 16 to 20 ce.  The metal ancde in the
centeal ehamber consists of platinum
on which a costing of silver heen
deposited, The platinum may be in the
farm of n metal sheet or doposited as 2
sisrface film on & gluss support member,
The titstion {:l:lgl containg four ebec-
8. The alver ion voncenteation is
sensed by & pair of sensor electrodes eon-
aigting of n silver microelectrode and o
suitable referance electrode, such gz a
enlomel electrode. The genemtor alee-
trode pair consists of dual plotinum
cathodes in diametrienlly opposed side
arms with the silver-plated anode in
the central chamber,  Silver ions gener-
ated at the anode are used s the titrant.
Coulometer, The conlometer eme
ploys & servo-operated voltage source
driven by s high-gain, null-balance,
Brown amplifier, A block diagram
is shown m Figure 3. The input
signal from the sensor electrode 18 the
difference in the half-cell potentials
of the wmsor nnd reference electrodes,
A bias voltage is provided to oppoes this
potentis]l such that zero potential will
:ﬂ}m weross the input terminols of
null balanes amplifier, The out-
put of the serve-pperated vollage is
applied to the geoerutor electrodes. A
recorder monitoring the IR drop which
APPEArS BETSS L [Hoise Fosistor in series
with the geoerbor elestrode  cireuit
gives a graphic indieation of the eurrent
required for the titration. The total
charge {eaulombs) used during the titra-
tion may be calonlated from the total
ared under the ewrrent-time eurve e
eorded on the chart,
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In this continuonaly balaneing system,
the silver ion is generated only in the
quantity needed t0 maintain the elee-
trodyte at o previgusly sclected silver
ion concentration. The silver ion eon-
cenfration in the electrolyte may be
varied by changing the lise voltage,
This arrangement mokes pessible the
selection of the optimum concentention
of gilver jons in the salution so that the
potential of the mlver sensor electrode
chenges most rapidly for small changes
in the amount of silver or chlorlde in
the solution.

The most sensitive condifion for the
gilver clestrode eecurs where the slver
1on concentration ig exactly equal to
the chloride jon coneentration. For
water this eccurs at 1078 mole per hiter

LATHOBE -

ANO

Figure 2. Titration cell
Cros-aectionel views

nml for glacial acetia nekd at less than
10" mole per liter.

The veference clestrode of the sensor
eleetrode pair moy be o snturated calo-
mel  eleetrode  with & potential  of
—248 volt. Thus, —0.504 4 0246 =
~(258 wolt would be the potential of
the eoll formed by the silver electmde
amd  the saturated colomel electrode.
The bins potentinl would be exnctly
equal and opposite to this cell potential,
This cell potentin]l was caleulated for
pure aqueous solutions.  For monogque-
ous solutions, such ns acetic acid, the
thooretical cell potential would be
somewhat different than that for an
agueons  solution. In  proctiee  any
hias value within sbout GO mv, of the
theoretical value is sakisfactory,  (Both
the coulometer and titration cell de-
veloped in this research are avnilable
commercially from the Dohrmann In-
struments Ca,, Pale Alto, Calif.)

Integrator. An integrator was used
to measare the titeation current more
accurately than woold be possible by
mensuring peak nreag an recorder
charta, Theintogrator was an electeo-
mechanical devies wtilising a Libra-
acope (Maodel 879258-1) ball and disk
integeator driven by symchronous mo-
tore. A servo-driven voltage source
served as A continuous sutomatic po-
tentivmeter opposiog the potential drop
appearing acroes & procision resistor in
the gencrator eirewit of the coulometer.

The total silver fon generated during
a titration iz directly proportional to
the halide ion present in the sample.
I the generator current is inbegrated
a8 a Tunection of time, the integral is
directly proportional €0 the total guan-

tity of halide ion present.

A DBrown smplifier and servo-moter
wers used as the null detestor to mense
an unbalsnee and adjust the it
of the opposing voltage so that b could
be maintained exactly equal to the
potential appesring seross series
resistor in the generating cirewit. The
rotary motion of the balancing poten-
tiometer was trnoslated into laternl

Figure 3. Coulomster |
system :
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motion hy a precision serew for use ax
the inpuil to this ball and disk integrator,
The time function was supplimf by a
svnehronoue mqil't:frl The output of the
integrator was displayed on a high d
Veeder-Root Gﬁl-ﬁwmmuef ag%is;
eoimter grves s digital rend-out directly
proportional to the quantity of silver
1on genernbed during o titration.

EXFERIMEMTAL RESULTS

A zeries of titrations wns run usng
Wational Bureau of Standards 2-chloro-
bengabe meid sample number 144, This
compound theoretically contains 226507,
chlorine,  The eample size used in thes:
experiments ranged from 0.5 to 1 mg.,
weighed in a platimum eombustion hoot
on an Ainsworth microbalance. The
oxygen flow mie was 30 ce. per minate
and the furnace terperature was S00° C,
The combustion was  carried oot
automatieally in approximately 10 min-
utes. An E. H. Bargent (Model 3-
21580) automatic combustion apparatus
was uaed to bum the zamples, The
titration cell was attoched o the end
of the combustion tube by o ball and

Toble 1. Coulomatric Determination
of Chloride in 2-Chlerchenzaie Aeid

lixperi-

Theo-  mental
Hun  Bample, retiondl  Result, Error,
No. M. % Cl o %
1 0505 2285 2278 4013
z .62 226 254 =001
b ] 1048 22056 2B 4B —0T
4 DEE 22eS 22.Y4 008
] 0567 2265 2273 40.08
& 1.0a7 165.4¢ 1516 ~—0.25
T 0804 2265 247 —0.28
8 0,514 2286 2246 —0.18
= Mathyl- 3-aming-3-deosy - o - deultro.
pyrancside hydrochloride.

socket connection.,  Fifteen per cent
water in glacial acetic acid was used as
an electrolyte in the titeation cell, The
weighed 5F|.TI'||'.|[!'! Whi ]ll.u:wl:l m I;.hvc DO~
bustion tube and the sample wis burned
in axvgen awtomatically, The eluted
gases from the combaestion tube wers
paesed into the titration cell, where chio-
ficde doms were titrated by coulomet-

rically  generated silver dons.  The
todnl current usod for the titration was
proportional to the digital output of the
!IL tator, thus the quantity of chloride
in sample was obtained from n
smple  ealealntion,  The integeated
valies represent coulombe divided by
Faraday's constant, When this volue
is multiplied by the equivalant weight
of eliloride, the product is the weight of
ehloride in the sample.  The results of
light eonsecutive runs are shown in
Table I.
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Determination of Molybdenum in Nitrilotriacetic
Acid Medium by Derivative Polarography

Application to Solutions of Mixed Thorium-Uranium Oxides

On L MANNING, R, G, BALL' and OS5CAR MEMIS®
Oak Ridge National Lobaratery, Qok Ridge, Tenn.

I A supporting electrolyte composed
of 0L.15M nitriloiriacetic add [MTA)
at o pH of 3.0 wos ufilized for the
determination of molybdenum by de-
rivative polarography. The method
it opplicable to the determination of
malybdenum in thorium oxide samples
which also contoin uronivm,  Major
interfarances  include  chramium(Vi),
mppe:lllL +]n[l"||'l. and nickellll]; how-
ever, 80 to 100 ug. of these lons con
be tolerated ot the 70-ug. molyb.
denvm leval. [t is pestulated that the
motybdenum waves which oceur ot
half-wave paotentiols of —023,
=0.35, and — 048 volt vs. 5.CE are
due to the reduction of molybdenum
(¥I) species, whareos the wave at
=065 velt vs, 5.CE is cowed by
the reduction of malybdenem|V] ot the
dropping mercury alectrode.

IN AR polurographic determination
of molybdenum in the presence of
uranium it is neceseary to utilize a
complexing medium fo separste the
redustion waves of the two elements,
Complexation in both besic and acidic

media presents eertain difficulties, In
basic complexing medic the molyl=
denum waves are geperally poody de-
fined and the pH 18 ertical, On the
other hand, with seidie chelating sgents
uranium is comnplexed leas slrongly than
molybdenum, which necessitates the
mensurement of the diffusion cursent
of molybdenum  supenmposed on a
lazge diffusion current [rom uraoism.
Tominimize this difficulty o wide separa-
tion of the two waves i desirnble,

To separate the two waves, either
(ethylensdinitrilnitetrancetic arid
(EDTA)}  or  nitrilotrisacetic  aecid
(NTA) appearsd to be suitable sp-
porting electrolytea.  Peesok wmd Bawyer
(¥ ehserved fwo molybdenum redus-
tion waves in. EDTA with hali-wave
potentials of —047 and —068 volt
pz. the B.OLE. These workers paint
out, however, that o earcful control of
ligand concentration and pl is neses-
sary Tor the satislactory Jetermination
of molytdenum by thia method. The
polaregraphy  of melvbdenum in an
neetate-buffered solution of NTA (pH
4) wns mvestigated by Binyakova snd

Ghnking (#), who reported fwo -
duction waves having half-wave poten-
tials of approcimately —0L55 and —0.85
volt s, S.CE. In comparson, the
reduction of waniom(VI) in EDTA
and NTA ceeurs at hali-wave patentials
of —0.31 and —0.23 volt s SCE,
respectively,

In thi=z study utilizing dedvative
polorography (5, four reduction waves
were obmerved in an NTA medium at
pH 3.5 or Jess, The hali-wave poten-
tinle are approximately —0.22, —0,53,
=048, =004 volt ra. B.CE, depend-
ing uwpon the pH. None of these
wives wae meversible from - ealeulations
based on holf-wawve width mensome-
ments or eoulometrie data.  Advantage
can be taken, however, of the greater
differenee in the £, valoe of 045 volt
between the fourth molybdenom wave
and the uranium wave. An analytical
miethod ean be based on the mensure-

! Present address, American Cyanamid
Co,, New Orleans, La.
I 'resent address, Nuclenr WMaterials
&#nd Equipment Corp., Apoello, Pa.
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COULOMETRIC TRACE DETERMINATION
OF CHLORIDE

A. CEDERGREN and G. JOHANSSON
Department of Analytical Chemistry, Univessity of Umed, 901 87 Umedi, Sweden

{(Received 3 December 1970, Accepred 21 March 1971)

Summary—]-2000 amole of chloride was determined by coulometric

titration with silver ions. The ermor wis 0-1=5%;, depending on sample

size, Chloride in water could be determired down to 001 ppm.

The titrations were made in 759 acetic acid, 255 water. The dis-

placement of the electrode potential on dilution of the solvent with

water was determined. Two alternative procedures to compensate the

end-point displacement are described. The titration times were 2-4 min

for pretitration of the solvent and 2—4 min for titration of the sample.

In some cases another 4 min were required for equilibrium to be

reached. Various solvest compositions were used in order to find the
Trace determination of chloride is of importance in many applications. The standard
procedures employ titration with silver or mercury, either with indicators or potentio-
metrically. The potential breaks in a potentiometric titration can be enhanced by
addition of an organic solvent such as acetone, and smaller amounts can then be
determined.

Differential electrolytic potentiometry as well as zero current potentiometry were
studied by Bishop and Dhaneshwar.!? They were able to determine 0-36 ug of
chloride (10 nmole) in about 2 ml (starting concentration 5 » 10~%M in chloride) with
a precision of about 2%. The titration time was 1-3 hr and the size of an aqueous
sample was limited to about 0-3 ml as the titration medium was 85 7; acetone. They?
also investigated titrations in methanol and obtained acceptable results down to 1077
M in chloride. Hozumi and Akimoto® used a sodium-sensitive glass electrode in a
potentiometric titration of halides with silver in abour 90 %/ acetone; 1 umole was deter-
mined with a precision of 0-3%]. The sample size could be 5 ml, corresponding to 7
ppm of chloride.

Coulson and Cavanagh® titrated chloride coulometrically in 857 glacial acetic
acid, They stated that determinations could be made in the range 0-1-1000 ug
chloride, but the accuracy at the lower limit was not reported. Later work with the
instrument as reported in the manual showed that nanogram quantities could be
determined in 709 acetic acid, Lidrach ef al® used the same instrument and
titrated in 709 acetic acid according to the manual. They found that water in the
sample diluted the solvent and displaced the end-point potential. When the titration
was allowed to continue to the preselected potential to compensate for this displace-
ment the integrator showed a reading which could not be differentiated from a
reading from titration of chloride.

Prokopov” compared 1-propancl, 2-propancl, ethanol and acetone in the titration
of 4 % 10-*M or higher concentrations of chloride. Krijgsman, Mansveld and Grie-
pink® titrated 40-1500 nmole of chloride in 50 ml of 70%; glacial acetic acid.

There remain several important difficulties in the determination of trace amounts of
chloride. The literature does not contain sufficient information about the selection of a

917 :
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solvent and in some cases the reported method was rather time-consuming. The pres-
ent work was therefore undertaken to examine some of these questions in more detail,
In selection of a method coulometric generation of silver seemed to be advantageous,
especially as generation on the macro scale has been thoroughly investipated by
Marinenko and Taylor™ and shown to be very accurate,

In a recent paper Krijgsman ef al.® showed that chloride could be titrated to one
end-point and bromide and iodide to another. They also reported how changes in
the medium, acetic acid-water, could increase the sensitivity and selectivity for differ-
entiation. Kainz and Wachberger'® used dioxan as a solvent in the titration of down
to 3 nmole of chloride.

EXPERIMENTAL

A silver wire wes used as indicator clectrode and & Radiometer K 601 mercury-mercurous
sulphate electrode was used as reference. The indicator electrode was made from a plass tube

plugged with a silicon rubber stopper so that the silver wire, diameter 1 mm, pro 5 mm.
This indicating electrode pair was connected to the LK B-16300 Coulometric Analyzer. The generating
electrode pair consisted of & rotating silver gaure ancde and a platinom wire cathode. silver

uze, 1000 mm?, wes fastened to the LKB rotating electrode assembly. The cathode was made
rom a spiral of § mm of 0-5.-mm diameter platinum wire fused into a glass stem.  The cell assembly
is shown in Fig. 1. The titration vessel was a Metrohm EA 880-20. operating principle of the

!

12V
a 5 Motor and
: mercury contact
Indicating ®lactrods /'n'fnlrhing electrode
Reference al. Auxiliary el.

Pt-spiral

Ag-mesh

LEBE 14300

COULOMETRIC AMALYZER

Fro. 1.~Titration cell and coulometric analyzer,
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Fia. 2.—The potential break, E, in the titration of 0-25 pmole of C1~ with Ag® in mix-
tures of an organic solvent with water.
Solvent volume 25 mi,
O acetic acid
» acetic acid +9-8 mM NaCl0,
) acetone +17-1 mM NaClOy

titrator was as follows, The electrode pateatial of the indicating clectrode pair was compared with a
preset potential and the voltage difference was applied to the generating electrode pair, thus generating
silver ions at the anode, A ppin was selected such that 2 rapid titration withoul overshoot was
obtained, A diode was inseried to t current reversal, The titration s has been described
earlier.’® Titration curves were oblained from a Servogor potentiometnic recorder connected to
the titrator,

The indicating electrode pair must be positioned 50 that the two clectrodes lie on an equipotential
surface in the of the generating electrodes. This can be checked by switching the current off
and on and noting the change in potential of the indicating electrodes. The indicating electrode is
moved until the reading becomes in dent of the switching.

The number of coulombs passed through the cell was determined by current integration in the
titrator. Four ranges were available so that readings could be made from 002 nequiv lo several
mequiv. The error from the titrator itself was 0-19% of reading 4002 nequiv.

Light reduces silver ions as shown by Champion and Marinenke™ and it is 1o keep
the titration cell and electrodes pro . An aluminiem foil d around the glass m of
the titration vessel and protection from direct sunlight proved ient to prevent drift from this
canse,

In the mnﬁfﬂ'—ﬂ'ﬂ% acetic acid the current was large encugh for titration of small to moderate
amounts of chloride without additional elecirolyte. ger amounts could be titrated within a
reasonable time if sodium perchlorate was added; 9-8 mA sodium perchiorate had only 2 small effect
on the sensitivity as shown in Fig, 2.

Procedure

Acetic acid solvent (25 ml) was tmmfsrrodir&' mu imto the titration vesssl containing the

electrodes, The titrator was preset 1o the des point, the range and gain were set and the
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titrator was switched on to pretitrate the solvent. The pretitration was complete in 2-3 min, The
integrator was then set to zero and the mﬁe was added, The titration was usually completed
after 24 min and then the amount of halide could be read from the integrator. Some time is
necessary for equilibrium to be attained after large changes in the solvent dilution. Addition of a
sarnple of 1 ml requires about 4 min in addition to the time given above. The titrator was therefore
set In stand-by position 4 min before the titration was allowed to start.

RESULTS AND DISCUSSION
Solvent

The solubility product of silver chloride decreases in a mixture of water and organic
solvent as the proportion of organic solvent increases, as shown by Krijgsman et al.®
A lower solubility product will give a larger potential change at the end-point
of a titration. Figure 2 shows the height of the break as a function of solvent com-
position for acetic acid-water and acetone-water as media. When the acetic acid
concentration was high a supporting electrolyte had to be added to decrease the cell
resistance.

Elecirode stability

The size of the potential break at the end-point is but one aspect to be considered
in analysing for small amounts of chloride. A high clectrode stability and reproduci-
bility of the location of the end-point can compensate for a smaller potential break.
A larger drift was observed in mixtures containing a high proportion of organic
solvent. No further gain in precision could be obtained by using over 757 organic
solvent. A larger drift was observed for acetone than for acetic acid, as noted before
by Bishop.!

Crystallization of supporting electrolyte in the reference electrode tip can cause
electrode instability. This can be remedied by using a double-junction electrode at the
cost of an added complexity and eventual instability of the new liquid-junction formed.
The aqueous reference electrode bridge of K 601 could be used in a solvent with up to
70-85% acetic acid without excessive instability.

The slope of the titration curve for 193 amole of chloride in 25 ml of 74-7 %; acetic
acid was found to be 1-52 nmole/fmV. In order to titrate this amount of chloride with
1% precision the indicating electrodes must be stable to at least 0-1 m'V between the
pretitration and the sample titration. The variation from day to day or electrode to
electrode, however, was not very critical as the slope was the same for about =10 mV
around the end-point. The stability obtained cannot be given separately but shows up
in the titration results.

Prokopov® recommended a platinum indicating electrode instead of a silver
electrode. The sensitivity of a platinum electrode was said to be higher. 'We have
found that the electrodes gave identical curves in both 100 % acetone and acetic acid.
Silver/silver chloride electrodes and Orion chloride ion-selective electrodes were also
used but no systematic comparison of these electrodes was made.

Titration results

In order to make a titration the end-point potential must be determined for the
actual electrode and solvent composition. It was determined by adding a small
amount of chloride, presetting a potential on the early part of the titration curve and
titrating. The potential and integral were noted, another potential was set efc, until a
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sufficient number of values covering the equivalence point were obtained. These
points were plotted and the end-point potential was evaluated graphically. The
titrator was then presct to this value, which could be used in all following titrations in
the same solvent. A more convenient but less precise method is to use the constant
current mode of the titrator and to record the titration curve automatically.

Various amounts of sodium chloride were titrated to the preset end-point and the
results are shown in Table I. The samples, 5-100 ul, were added by an Agla microm-
eter burette so that the effect of changes in solvent composition should be negligible.

Tame IL—TiTraTion oF 5=100 gl of Cl= saMPLE ¥ 23 ml oF 753 ACETIC

ACID,
Rel.

Mumber Taken, Found, Recovery, stand. dev.,
of runs nnele nrmale s !

5 0-92 088 957 54

5 1-34 1-75 951 32

5 370 3-83 103-5 18

7 9190 9136 996 00,

7 8775 8756 958 -0

2 17550 1753-8 099 00y

The table shows that the method can be used for titrating very small amounts. In
fact only Bishop ef al. and Lidrach er al.® have reported titrations of chloride in this
range. It should have been possible to titrate even smaller amounts if the volume of
solvent had been smaller. The series shows, however, that high sensitivity and great
range can be combined. There is a variation in the recoveries of small amounts of
chloride and it is caused by drift in the electrodes. The drift will vary somewhat from
day to day and some series have been run for which the drift was close to zero and then
the recoveries were better than those given in Table I. The error in the titration
of the smallest amount shown in Table I corresponds to a mean electrode drift of
about 0-03 mV during a run.

Dilution of the solvent

If an aqueous sample is added to an acetic acid-water solvent the composition will
change. The end-point potential will be different in different solvents and dilution
will therefore result in an error caused by the end-point displacement. This water
effect was studied by Lidrach ez al.! and a correction was calculated. Their results do
not permit an overall evaluation of the effect and therefore a more thorough in-
vestigation was made.

A number of titration curves were evaluated in order to obtain the potential of the
end-point in solvents containing varions proportions of acetic acid. The result is
shown in Fig. 3. The points for 71-75%; acetic acid are the means of several deter-
minations and therefore more accurate. This figure shows explicitly the end-point
displacement resulting from a dilution of the solvent. The slopes for various com-
positions had earlier been determined by Krijgsman et al.®. The potential of point 4
in Fig. 4 is the end-point in a solvent containing 74-7 % acetic acid. If the solvent is
diluted the potential of the new system should correspond to point B because in both
cases there must be equivalence between chloride and silver ioms. An automatic
titrator preset at the potential of 4 will sense the decreased potential resulting from
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F1a, 3.—Patential of the equivalence point in the titration of Cl- with Ag" as a function
of solvent composition.
Silver wire indicating electrode vs, an aguesous Hg/Hg,S0, reference electrode, The
non-linear scale to the right shows the slope at the egquivalence point.

dilution and start generation of more silver ions until the preset potential is reached
again. The generation will correspond to a movement from B to C and a silver
consumption corresponding to the marked difference on the abscissa will be recorded
on the integrator. Figure 4 shows actual values for addition of 1 ml of water to 25 ml
of 74-7% acetic acid. A small exaggerated insert is made for clarty.

The water effect can be compensated either by subtraction of the distance CA
in Fig, 4 from the result read on the integrator or by selecting an end-point other than
the equivalence point. The first method was used in the titration of samples each
consisting of 1 ml of water and varying amounts of chloride. The results are shown in
Table II. The other method is as follows. Inspection of Fig. 4 shows that the titration
curves in the two solvent compositions intersect a few mV from the equivalence points.
If the titrator is preset to this potential there will be no effect from dilution on the po-
tential and no water effect will arise. The size and even sign of the water effect will
thus depend on the conditions and a true correction free from systematic errors can
only be obtained for a given dilution factor, f.e., a fixed sample size. This procedure
has been compared with the method used in evaluating the results in Table II. Both
methods seem to work equally well.

A graph similar to Fig. 4 can be constructed from two titration curves for the
respective solvents. Once these curves have been made a single titration curve will be
sufficient to correct for parallel displacement along the potential axis. As mentioned
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Fio. 4.—Titration curves for the titration of 193 nmele of CI- in 25 ml of 74745, and
71-8 % acetic acid.

The ingert shows how the points relate to sigmoid curves.

TasLe IL—Trrramon oF Cl- 10 1-m] WATER SAMPLES

Taken, Integratar Correction, Found, Found,
rpele reading mmole nmole ppm
1] 157 .
0 210 1-7 Lig} 0-00,
0 1-88
50 79 18 61 022
122 13-8 18 120 042
233 244 18 22:6 0-80
59-5 G0-2 1B 584 2407
o717 98-8 18 059 343
Ti6 719 18 77 254

earlier the electrodeé drift could amount to a few mV from day to day. For precise
work on very low chloride concentrations a curve must be made each day to obtain
a correction for the drift.

In many applications it is unnecessary to determine the end-point displacement of
new sample compositions. A solvent blank or reagent blank can be titrated and sub-
tracted from the sample reading. The level of chloride contamination of the isopro-
panol used for washing has thus been determined by titration of 1 ml of isopropanol
as blank (about 2 nmoles), which was subtracted from the readings for 1-ml samples. .

Many solvents can be used directly as media for titrations utilizing the method
described in this paper. A survey of suitable solvents, including strong acids, is given
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by Bishop et al.! and by Monien et al.™* Non-aqueous samples can also be added to
the acetic acid-water system in the same way as water samples.

Traces of halide in water

The method described in this report is free from systematic errors and allows a
determination of traces of chloride in the purest water at hand. Table IT shows that
the chloride in our doubly distilled water was (+00 £+ 0-01 ppm. Demineralized water
was found to contain much more chloride than redistilled water. The method des-
cribed here is as sensitive as any other published method for determination of chloride
in agueous samples.

TanLE LI —TiTRATION OF Cl- AND Br-

Taken,
nmole Deviation
_— e — Found, from sum,
Cl- Br- mmole 4
663 4-B7 1165 +1-
11-52 00
150 —0-2
13-30 9:74 2332 +1:2
2330 +1-1
2321 += T
33-25 24-35 57-B0 403
55 +0-5

Interferences

The acetic acid-water consumed about 50 nmole of silver for 25 ml of solvent.
Most of this was consumed by chloride, so the pretitrated solvent contained solid
silver chloride, When small amounts of bromide or iodide were added the correspond-
ing silver salt was formed and chloride went into solution. The titration curve of a
small sample of bromide and iodide was therefore found to be identical to that of
chloride. Titrations of mixtures of chloride and bromide are shown in Table III. The
results shows that the sum is obtained with good accuracy. Bromide and iodide thus
interfere by adding to the results directly. The same is probably true of sulphide.
Borate, finoride, arsenate, phosphate or sulphate do not interfere and the interference
from sulphite and nitrite can be eliminated by the addition of small amounts of
hydrogen peroxide as shown by Krijgsman ef al.# Large amounts of foreign substance
change the medium and a correction or a new end-point should be determined as
described above, under Dilution of the solvent.

Ackrowledpement—The authors thank Dr M, Sharp for linguistic revision of the manuscript. This
work was supported by grants from the Swedish Board for Technical Development.

Zusammenfassung—1-2000 nhiol Chlorid wurden durch coulomet-
rische Titration mit Silberionen bestimimt, Der Fehler betrug je nach
Probengrife 0,1-5%;. Chlorid in Wasser konnte bis herunter zu 0,01
ppm bestimmt werden. Die Titrationen wurden in 75%; Essipsiure
und 25% Wasser ausgefilhrt, Dic Verschicbung des Elekiroden-
potentials bei Verdinnung des Losungsmittels mit Wasser wurde
bestimmt. Zwei mdipliche Verfahren werden beschrieben, um die
Werschiebung des punkies za kompensieren. Die Titrationszeiten
betrugen 2-4 min fir die Vortitration des Losungsmittels und 2-4
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Coulometric trace determination of chloride

min fiir die Titration der Probe. In einigen Fillen wurden weitere 4
min benbitigt, wm das Gleichgewicht zu erreichen. Um die besten
Bedinpungen  berauszufinden, wurden verschiedene Losungsmittel-
Zusammensetzungen ausprobiert.

Résumé—0On & dosé 1-2000 nmoles de chlorure par titrage coulo-
métrique avee des ions t. L'erreur est de0,1-53%, dépendant de la
dimension de 1'échantillon. On peut doser le chlorure dans l'eau
jusqu'h une quantité avssi petite que 0,01 ppm. Les titrages ont &té
Falts en acide acétique 75 %, ean 25%. On a déterminé le déplacement
du potentie]l d’électrode par dilution du solvant & 'cau. On décrit
deux techniques possibles pour compenser le déplacement du point de
fin de dosage. Les temps de titrage sont de 2-4 mn pour lo prétitrage
du solvant et 2-4 mn pour le titrage de 1'échantillon. Dans quolques
cas 4 autres mn sont nécessaires pour atteindre "équilibre. Diverses
compositions de solvant ont &é utilisées afin de trouver les conditions
optimales.
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Precise Coulometric Titrations of Halides
Gaorge Marinenke and John K. Taylor
{Baptember 14, 1963

A method hax been developsd for the
egllometrie titration with Aillver icom g

ing ascxy of haldeys Ty constant-carrant
wi owogllwer anode. It 9 Shiwn that a 4

milli=guivalémts znmple of halide can be titcated with standacd devistion of 000G peecenl,

1. Inirodnoticn

Tha ﬂamﬁnﬂhn ofﬁ%mlidaaﬁi: of lnpi.;m!.b in
many chemical inw i BT
mﬂi’t dabmmmhnw the abtomic wtigh o?

rma[1] 1k was B to datermine ihn nhlnndl:
content of dilute solutjons with high precigion.
For auch &

Eﬁpﬁe.alions coulometrie tiration i pars
antageous becanze it involves & mini-
mu.m manipulation. A further advantags is that
the fitrant is genetated in stn in atount that is
mensured in terms of physical quantities,

Albhy g nuember of tons have been
concerned with the cotlometric determingtion of
halidea [2, 3, 4, 5] thers soem 10 have bean no ettempts
made 10 satahlish the conditions for bigh-precision
tirmbione, 1s, better than 01 par Acrords
tb.e WOrk reported in this paper WHS TIlar-
168 Pt of & con program st the Netional
Burew of Standards to conlometrie tltra-
tioma of high presision and acenreor{R].

2. General Coasiderations

Coulometrie ﬁ;‘“ﬂﬂﬂﬂ. of elver lon hoz been
axtengively atudied. One of the more recent stadies
was done by D). M. Craip and coworkera [7, 8] in
connectiom with the deterrmnonstion of the vnl'u.e of
the Iaredey. The electrode repckion A.g—:.&g*+u
for one squivelent th&tatn} pmueedn at lﬂﬁgam

for surremt deos
0,160 amp."c-:m]*lqi;l In the work ngudiﬂ the
TET WHA
et PR

. the total area of the
aud the generalyon cprtent was 100
ma; thys tha eorvent density did oot exeeed 0,005
pmpfernd. At auch low current dencities, one |e
aspured of hoving 100 pereani carrent Eﬂiﬂmﬁ
with Teepert ta the géneretion of ailver ion prowvid,
nn lamrmhlt.mm.h wie predent in the rm
ert mmt :u"]trn
Tor gonstrycting

this resson spectrochemacally
{a.latadpunt-], 0050657 was utilize

the pooeretor soede. Nonoxidizeble impueritios in
gilver such os silica do Dot present any problems
since the amount of silver oo it by the
elecirochernical reaction s mm t yather than
the loss of the soode. rdingly, no peed
for urifieation of gllver was werrantad at
thiz timao, o otber unpertainties of the method
wee more significant,

1 Friguipes 1 bricioats Ividanka th Bierasur: mir=oces a5 dhe eo of this Cenes,
a1

.ﬂ.ﬂ ﬂlmh.l:d.um were based on the 1951, O atomic

ht scala.  The moleeulsr weights uned for Nalll,
w:ﬁr and K1 wore £5.442,, 102.808,, aud 160008,

Tl]ua vu.lua of the furpday ¢onetant used was bosed
on the detarmination of Dy N, atal. [7]. Using
ﬂ]ﬂ[‘ electrocheminal cguivalent of eilver, 1117072
foout, mnd the atomic weight of aillver 107870
"Enclu oo the new (¥ alm.]u, tha value of the faraday
iz L,487.2 coulfg-equir.

3. Apparatus and Procedure

3.1, Apparatus
The clasy n.fthabrlrnhm-:e]lmthumkwu
similer to £ deacribed in the

pmm m.l.l.lll
unnof t.]lh Buring 1@}&3:}@1. that the now eall wea of
he snnda end ths cathode com-
m“ WELE LE-I:I ml t]uct-rtgytm Denlcers connerted

A 26 mm o.d. tube, & at ey
lum:uml l;:ihni.hnmme um nnda.
fine porpeil; grlags disk were sceled
of 10e two Ji';marmadinm COMPArimenia thus fl:m:umi

hﬂdambﬁmthnampmmmabltﬁlﬁlﬂmd
emptymg, by applying facuum or nibrogen pressure.
Tha ancde waz & heavy piece of ailver 5 em 3 om
and shout % em thick, mads by melting together a
number of thinner sheets of moint slver by p]lcﬂ
them in a “eandwich™ on & heasy plate of silver

epplFing hent with an ewygen torch, To permit
mu'um: in the ool eovar and to facilitote conmoe

lesd wire, the ancde wea rttached to a 12
|::|:|:|1 eylindrieal mlver homdle, 1 cm n

i ed from the same materisl. The anede thus
formed wee etobed in dilute HNC, El 110} to remove

¥ eurfage impurities, and w with larga
quml.l.uea of diatilled water.

A pisca of corrugeted platinnm foil {5 einx 18 om)
served as the cathocls in the generation cireuit,.  The
Iarge aurface ares thua cbtained woe necessary to
minimize polarization of the cathode and fo decresse
gurrent fluctuations due to vanetion n call resistancs
g4 4 eonsequenees of tho liberation of hydrogen gas.

The alectrical circuit wsed in this work was the
nl.ma ag &sur:tibad in the previeus communieation 16).

current for all tifrations wes 101
ma. exact velue wae delermined by the vahe
of the standard reaiator wnd the voltage of tha aati-
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reted Weston el Any emall inltisl unbalaoce
bateresn the FB drop amrese the standard resistor amd
the =tanderd eell wea oorrected guickly after which
the TR drop across the standard resstor wes main-
tained by the vajtege of the Weston Cell, The
value of the resstor used was 900904 chms al 25.0
! apd iis tempersluse wes mainfained constant in o
thermesinted oil bath. Neverchalesz, the astual
ternperatura of thia resitor was measumed hefore and
mf ench bvation =th a merconal t‘hﬂinnn?ltm
end eorresponding corections were applied, braed on
the mesn !{dﬂlﬁi Lempsraturs, hyplh.a use of Lhe
relation Be—Hull-Fz[t =25 +—8{i—258)"] olma,

In the course of & titrasion, the emparciwurs of e
stamdami resistor inereased from the 25 °C hath
temperamra by ms much as 1 *C. Howeaver, tha
pocreetion for Lhis diference amounkead to only 7
ppm.  Jinee the messuraments of lemparature
worn made Lo e tenth of & degres the mean value of
the resistor during the run was kmown 1o betier than
1 ppon.  The vahie of the ssmrabed atandacd Weston
arl.pw-'i for the com noof dhe FE doop of Lhe
gtandard resisior was 1017870 v& 08 pv al 54009
*C.  The emperature of the Wesion cell was always
maindained st el value in & poclally Lulll dierme-
staied hov. . ) . .

KNeay the sguivalencs point of s titration, the
currenl was passcel incremonbeise.  Liowas found -
vantageous Lo use s commercally availalde constant-
murrent conlometrio tiioator for this porpose, beowiaq
the ige of these increments can be conveniently and
pequately controlled and Teproduced waing ihis
Lnstrumen 't withou® soy sppreciable aacrifica ol mecn-
rucy. The vunig eocwl mod carcenl of Whis nstro-
mugi wuro mlJ.rmu-od.nl;‘d ihe ﬂ;pmiuut wik Tound
to bt accarate to L preen b,

Aa in the ense of acld and baso titraiions, it waa

found that n ge! plog wan rm:? in elirninats the
flowr of wleciraly s hetwesn tha ancde and the eathade
compartments.  In this work a silicic seid ol plug

wos nsed. 10 wes comvenmenidy prepared Ly (uicin
together 10 ml of 1:4 water -d'*.?ul.u:l Bolution of todl.
fit o sodinm silicate (40 Be) with & ml of 1.0
M HEO, The resulling selution was poured onto
the frit of Lhe cathacle compartnient. Oelation of
this selation sceurred m approxinelely 2 min afler
imitinl mixiog. . .

The amperomatrie indiestor elreuit consisted of
two silver alectrodes and & polarograph. The indi-
pator esithode was o &ilver bead approximetely 1 em
in diameotar [J =m® in srea); the indisstor anoda was
s bead wppouximately 0.5 om jn dismcior (08 em?
in area). Both were made by meelling the
aame ailver as used for fabreation of Lthe pensrator
antd#, ‘Thesa in turn were fused to pinces of plati-
ggm wire and the latter sealsd into tuhas 1o
faeliitate electrical conlact. The po raph was
vged ns g soures of the apphbicd sl between these
two elartrodes and aloo a8 & recording microanmeler
to mossurs the indiestor enrrent. The applied o
LD g done on 2 20-g capacity mi

b iLed WETE T il B L A L=
wgnmﬁ IE;E preces snd aceusate atf £ 0K mg.
1 weighings were correeied for air bueyaney.

32
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3.2 Geosml Procedure

The pr ion of the eoulometse ool comsisted
ol thm[;nf with fumimg aelforic aed fol-
livwed Ty e of large quentities of distilled waler
througt the gloes fofs.  Subsequenily the call was
exposes] Lo prolooged stesm oz anin {-y Toreing the
glean Lo pase Lk ihe [rits, laﬁnwd again by
eovoral rinees with diztilled weisr.

After such desning = silice ut-j.drg'd plug was
prured ento ibe fine porosity frt of the cathode
comparbmont.

The cell was anrrommded by alwsmom ol o ahisli]
the comients of the e=ll froem light. Aboatr 100 ml
of 0.1 A HNOy ssiuratad with KaNQ, were poursd
Into the cethode compartment W which abett B aeg
of AgNC, solutiom were added to precipitate (Fices
of halides oF other impurities which form insolukle
precipitibed with silver  (Mherwise, these could
ChRllse posILIve STor Oy migrslon e the anode
compartment. A alight exeese of elver ion would
oot owuse ARy Deganve error sinee the elvctricn)
migrstlon forosa would keep it from diffusing into
the idjmceit compartmeni.

For vach titeuion 100 ml of anclvia wase nsad,
The svelyie wea | M NalNOy, 1 3 woetic sefd in 50
percant methenal.  The methanc] was sdded Lo sup-
presa the solubility of silver hehdes 12),

The platiown cathodo wes placed in Uw cathode
ootipartment and & Teflon-ercapsulatad magnetle
atirving bar wad lowered inte the anada com poartnsng
by meana of anather niagnet

A polyethyleie cover, supperting the penerator
niode nd two indiestor aloetrodes, was muﬁ‘lmumi
on the anoda mmpartment by weans of & snoply
fithng lock ming.

At this point the coll wea on the platlorm
of a magneio atirrer, oporated from & congtunt volt-
nge tranaformar to insure conatenc atirring vate which
1 imperative for precme woperometrie  #nd-podul
Jeteclmn,

Sufficiont anelyets was permittad o flow inte 1he
intermadiale compertments o just wet tha bottem
of each of the intetmediale compactineta, thus ess
tablihing elecirical ontact.  Abowd 10 g of halide
werg  inlroduced inte the soede compariment,
throuph an opening im the ecovor, to facilitate
prautration.

At thes poiot, & 643 ma currend was =
orerneniwies {1 inoeremonds ) with the coulomelrie
atizlyzer. The indieator curromt was recordad after
the passege of each increment. This pretitration
was eontantied unil the exesoe of silver ion was about
10 peny or 10 terms of concentration 167'A. The
portion of the indicater ewrrent hine, sfter the squiv-
alomee point, whers the indicator current boeonmes
attmight line lunotion of the silvor jon concantration,
was exiropolated o zere current whiczh was chosen
to be the end point of hoth the pretitration and the
final titeation.

After the pretitration was ¢ ed, the inter-
mediate compartments wers completaly filled with
anolyte angd the slver Jom wes genersted nging the



high -precimon marually conwolled conetant-current
elroilt.  The ameunt of gilver which wae generated
at this point woa u procaleclated quantity, eufficiont
to remct with sbout 9956 percont oi the halide
expected bo be fourd i a ghven smnple.

ollowing the penecation of silver Jon the sample
wns inirodueed inte the anode compariment, and
the interrnedinie coinpartmente wers amptied by
presoure wothl ooly the bottars of theeo compnet-
MENLE Were ty wetted by the selubion. At
this point the tibration was combinied, wsing agsin
the couleneirie analyzer, until the indicator evrrent
passed o minimuam and begean to nse as the concen-
tration of eilver oo was lnerepsed. The titretion
was ggain olopped and the intomuadiste compart-
manta wers s 1Ie¢t-ed o gevernl suerestive cinshigs
wirh Amalvte. thia point on, the titration
was cortimued ncremendiwise 1 the same [eshion
as ihe preditration.  The amount of electrogonerated
gilver ion equivelant Lo the halide presens is obvioushy
the armcunt generwled to the ed-paint plos the
axoess cenerated in che pretitration step.

Tt was found, in the preliminary part of the work,
that in tho cese of large samples, 6.g 4 meq, erratie
results were obtained i the was Lntroduced
into the cell before generstion of silver ion, in that
the peneraticn surrent wos very diffienlt to madntein
constent after the generalion of the first milk-
aquivalent of silver (om. Thia BN WA
caused by the danse precipitste deposited directly
en the slver anode thus hindering the diffueion of
the pensrated diver fon into the bulk of selution,
T his lemy waz aolved by tha above desoribed

procadurs, thas is, b Pregmrut.iun ol the major
Emlﬂn of silwer :n;n Ee ore the introduction af

alide spmple igto the cell, The smount of halile
which etill remagingd to be titrated after the indro-
duethon of sunple was so gmell that the interference
lue to coating over of the electrods by the procipitate
Ancther problem which arose as a resnlt of the
Eﬂg\ﬂh‘:t‘lﬁﬂn of sabrer ion was Lhe delivery of semple.
t wee fpund (et & solid sacoples could now e intro-
Jueed direetly into the diver ion sclution hecanse

inclusion erroms were inevitable,  Aceord: . the
anmplos wero cither weighed into the cell (o the
forn of solution or, in the case of solid-we
smp:;.la, they were dizrolved prior to delivery into
tha cedl.

4. Tilration of Sedive Chleride
&.1. Procedure

The acdinm ¢ hlaride which was need in this work
was one purified by double reccpsiallizaiion of s
rapgent grade salb precipitation with HC-ges

enturated solulion and subseguent fusion in
& platinnm cruelble. The lerge ceystalz of NaCl
thus obtained were crushed in an agate morker ahd
deied at 110 *3.  This material was stored in e
desiceator until used. The spectrochemmical snalysis
of thi=s maitecial ahowed the tolal metalic impunties
did not egoced 00004 poccont,

Two sotz of experiments wery performed with
eodium chloride, one invelwing the preparatinn of
aolutiona which were later dispenasd into the eall
from polyathylens weighing hottles, snd tha aseond
saf iuvcely?ing waighing of sodium chloride s solid.

Theo solutions wora pro % ha of such con-
ofmtentions that the desicod ameent of chloride
(L e or 4 e waa contaited in approxitmabely
0 g of soluiion. The following were the oneen-
trations of the two aclubions on & vacuum-corrected
besis:  Solution A—0.1051324  meq/s;  solution
B—0.4202333 mgég Tha actesl weight of o
aamply was obtainod by diffetones in woight of the
wid IILHE bottle befors end after the delivery of &
sampls.

Etl:lii;l aaﬂr:;&]m wars welghed n & smell boat slso
by the dillersnes ma Tho orpstais  wore
delivered inte a funncl, eonteining & Pyrex wool
Phig and leading intn the annde eclnpattment.
Alter the generation of 995 peroent of the ailver
ion requirad, sa described above, the sample was
waehed dowo wath 10 ml of disi water. MNear
the and point the funne wes rinsed A number of
ticmes with anelyée withdewwn frot the ecell by

the halida tela became instantancously eneapsu- | means of u aveinge to which a glasa tube was attached
latad by & of ailver halide preeipitate and again | in placs of the costemary needle.
TAmE 1. Semreary of resulis
N ool | Moty Nell welghod wlie | NuSessighedeckd | KL weighed seld
1 wrea 4 I b e & TONE T M0 4 [ 1 Tl Lyl
L BFHAY RENEN AEE T AT RRARY A AN
maeo | 10008 00, a8
i T IMEE IO B
s [ ik 157
N0 i O WA B
ALK, 0T A T pILONE -
LW W& i T4 WL 190
Al il i, G 00, 133
nwn | ik ¥ iz
o i
s e o
= i [ 106 i1
A Lt ] i

& The mwar vaoe of Bhe sy soeated Bae Bhe champas 1o seocontaatlon of Ehe soludloo with o,

i1
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4.2, Reaults

The resulte obimimed for n oumber of titrations
aver & pericd of 2everal months are given in the
table 1, enlomnz 2, A, 4, and 5 etemh
amwng  thess ssfa g remarkahl and  wel]
wilhin tha limits of stangdard Jdewiation for each set.
Thoe precision for emeh of che sels &2 much bewtar
than could bo ebtsinad on the seme size samples by
eonventional gravinetsic or titcimettic methoda,

It i apparent from the examination of the dats
that solution B of ssdivm chlorides was mcress
in concentration with time {fig. 1% avem th
both eclutions wers kept cightly elraed In the ground

lasa 3 bottles in water-vae[or Batolibed
cllgors.  In the éasc of sohation 4, this effect is
noh as pronoonced A8 in the eams of solution B

0 ressons gocount for this bebavior.  Firstly, the
vohume of solution 4 was 1,000 ml, while the volume
of B wag 200 ml. Thue for & piven ampunt of
water Togt, the concentration ehange weuld be
amplificd by the factor of & in soiution B aver that
of aolufion A, Secondly, the standerd devistion
for Ll m EIIH‘E]H- is four times larger than for 4
m BEII:IE%.BB; e & irend in egneentration cha
4 be mazked more in the chae of solution A,

Ar eguation of the form A=4,1 8 wae Stted o
the data of an-lul.lunB'biytbe methoc] of leaat apunres
to express the assay ol wolubion st any time since
the time of preperetion. In ihis oguation A is
s98ey 0L &0y tume, f, A, i the aseny of this sohution
at tho tima of preparation, b ia the slope of this line
expreseed In proesnt dey”? and £ i time el
gimce the mmﬁun of =olution in days.
aolution o above equation yielda 0.00L50
perecnt-day ~* for the slope & of thiz lime, and 00,096
pereent for d. as indiceted at the betton of column
3, tabls 1. Thia valua for the saeay = in cxccllent
pgresmnent with both the expectad walue nnd the
a.ua.az;;ln:l' the solid weighed samples of the same
tmak :

B, TitraHon of Sodinum Bromide
5.). Ercocdurs

The aodium bromide wsad for these experitients
was & Tesgent prade salb. Tt was dried at 110" O
and_ato in a desicemtor for use without an
preliminery purifieation. The samples wore weig
out ag golid MaPr in the same meanner as the selid
MaC] snmplas,

5.2, Results
Two sample sizes, 1 mn-% aod 4 Eaed, wite investi-
gated as in the ease of NaCl and resmlts arc
given in columna 6 and 7 of kebla 1. The averape

vahue for the aseny in both cases 1 in excellent
agresmnant, The value of the asesy appesrs to he
0.17 parcent too high and undoubtedls i cansed by
the presence of chloride impurity since the amount
of elilerida in this salt ia kegwmn to be of the order of
0.2 peroent by weight, The slandani daviations

L-Lid-n e

-E1T ] L 1 1 i 1

1] b =54 an 2
BATE ELARAED GHiCE FREPKFAFION [F SoLUTIDN B
Fisuee 1. Changs of oeeen af aolutfon B etk tone

for both e and the smaller samples are of
the wame order of mwmgnitnde as in the cuse of sodinm
chloxide, ({38 pereent for | meq and 0,000 percent
for 4 meyg mmpraa.

€. Titraton of Polassdum lodids
&1, Procedure

The potassiom iodide waa a resgent de =alt
which was ool subjecked to an In?tﬁa’ pﬂmﬂm
It wee deied at 110 °C snd gtored in 4 desiecstor
befirs weighing, The choice of the potassium sals
over wan made I_umnﬁ: aﬂmn}h Ei_ﬂe- ia &
vary stromply hyeroscopin material, w IR

In the vicinity of the pnd poot of wdide btrnions,
ihe indiestor qurrent exbibited thres inflection points,
probably dos to sirong adeorplion of tho gilver jon
after the concentration of the latter reaches ceriain
critical valuss. ‘Thia, of comree, indiceted that
several equilibria mee o ba sabi . which hrings in
an uneerfainty, or at least & deobé o the expesi-
manter's mind gs te the time to allow for eguilibriwm,
to establish, The problem was clrenmvented by
the addition of 1 ml of 0.H M =elution of NeBr just
nz this and-point phenomenon . 'The sahu-
tinn which was d was staadardized previously
by the poulemetric technique and the numbor of
millisguivelants in a 1-4ml aliquet wara subtracted
from total number of millisquivalanta feund in
ihe gninpla. By this technigque ona in fack i3 deter-
mining the wdide by 1 the bromide end
poant.  In order to make the ink of the bitra-
tion eguivalent to the end point of the pretitration,
aam:ﬂ'amnum of the anme NaBe aolucion was addad
hafara the pracitzation.

3.2, Resulls

The results for Wirstion of 1 and 4 meq sampls of
pirazsium jodide are shown in columps 8 and ¥ of
table 1. Here again tha precieion for each sct iz of
the rame order of magnitude A8 in the case of the
ohher two halides atandard deviations for )
and 4 meq ermples are 0030 and 0.007 pereant
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Teapectively. Thﬁmﬁnﬂ]mnfthsmﬁﬂmlmgﬂ‘
Tor 8 which can ba caumed Ly
tion of eilver wns on the s ver wodide pre-:i_]:lt.n.t.a

7. Discussion

This work, similacly to the previous communica-
tion of the acidimstric titrations, shows the presise
waturs of soulometsic titratons, with 1he attreetivo
featmre of utibzing a sitant ches emount of which j&
opciead npwn physical messurements rather than
ghemiee]l slandsrds of sefarenre.

Weedless to saw, the sxperimsater muet exerciee
. exl.r-eme conkrol nwr many factors auch ns weighing,

alf nl.m i, pn ion of mample eurrent
cunt::]l-!:ru sTect the ].ww.-:mnn amd
LOBUTACY ufﬂn_p ohemjcal lnll}'ﬂi

Ume 1actor which s
v litrations and mey very well lﬁ:
bation Lirakions with -mpuun
ton, B the interference ol the
indicator t]e-:.t.m-de eystem. It was found vhat with
Lirgss samps heavy itate which is formed
Ay lr:umufnu on the mdicatar electrades, and in
several inslances it was [owsd bo foein & bridges
botween the indicstor woode and the indicstor
enthodo, oooprrenes impuirs (e sendilvity of
© the indicator system by hnrlnc the nhpe of l:hu
ind | cator Imrﬂu *1::; h h.; lxdwnm,
wid simply abmins i ik
wlecivoces {-vl‘m Ir.ll.ml lz- ﬁnl; mdtr.'ﬂoll ey e

readiugs, 40 lowen the sdberisg precipitale

At no time did the indeator eurment mrvm T
avrille those deseribed by Langane [9], even (hongh
the appliod :.-m! merner (he two indieslor slecirodm

s my as ha T wll cuses Lhe indicatox
ﬂ.l.m'nl'.wh high baoze the end point, decrenscd we
the end point was approached, passed thromph o
minimur in che vieinity of the end poink, o be-
pmtte & stesight hos fuoclion of the genecated wilvir
ion after the end point (g. 25

In view of the fact that & potential differencs ol
only £ mv waa hed acmoss indicatar slectrode
gvutem, it in very difheult to brlh:w- that & high
indiontor current before the emd point was ceused
hy tha rudlu-:hmn ﬂmdtn :{: 1.hl:’1m:lll:w,mli
cathode. 15 may * the raduction o
the colloidal silver halides or silver helide complexea,
since il is well known that miver chloride 18 apprpci-
ably soluble in Ingh eoneenbratiens of chloride jon.

‘The pretitrstion procadure was deviead (0 1nini-
mize nocartainty in the end-paint lacation due oo
the sbasnee of & well<fefined residunal corrent. By
this t&:!hmqu.e ihe siver-halide cquivelency is ob-
tained froin the differonce belween the end points,
similarly doteemined, 2o that ermom tand 9 cancel.

8, Conclugions
Tt has been ahown thet chinrides, Dewnides, and

didea b titrated with d & of r:muu
E [ ?ﬂhﬂﬂ" Fnu—.ladﬁraﬁ Inpt'.xha

rhsnt e § i
obher precipos
¢ end poing delee-
precipitate with the

a5

D.m -
£
L]
i
Erlﬁ .
[
o
E 'ﬂ -4
S £ ] -
™ i .
i’ R PO
ub :' il_ [ ; l.ﬁ I} L]
Fudg OF o GENERETED
Pioune .  Typiea! and-paint dadermiaction.

of sodium chlodda, It has been sbown thad this
maothaid is accurate as well as In the course
of thin work ik had also hesn & that it is eather
difficull fo roovintain solul s of coslanl oo -
tration, 1n workiog with selutioss gne is oblige] to
dufbﬂmum Ll ruke I-i: which the selution e ilion

to tom of lio
on ttﬂ]JIJII o=
time rqm.ghn th time—i,

Tlu luhhm srs gratelul to '} hd‘:'m:thnf I.[|::
nering Sectiom for i the r
t&udml amlgu!n of the deta cod eepecially for the
etotistien] treatment of the date obesined for tha
sadinmm chloride aclntiona,
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1. ISO 9297:1989(E) Water quality - Determination of Chloride - Sliver nitrate titration with
chromate indicator (Mohr’s method).

INTERNATIOMAL STANDARD

ISO 9297:1989(E)

Water quality — Determination of chloride — Silver nitrate
titration with chromate indicator (Mohr’'s method)

1 Scope

1.1 Application range

This Interndglional Slandard spevilies 4 lilralion
melhod for the determination of dissolved chloride
in water. The methed is applicabla 1o the direct dae-
terminalion ol dissolved chionde in concentrations
patwesn 5 mafl and 150 mafdl. The working range
may be extended to 400 mg/l by using a burette of
larger capacity or by sample diluticn. Due to many
interferences the mathod is nal applicable 1o heavily
pollited waters of 10w chioride content

1.2 Interferences

Mogimdl concenlrations of Comineon constiluents of
ground water, surface walcr and potable water do
not interfere with the delerminalion

The following substances interfere with the method

— Hubstances lorming insoluble silver caompounds,
such as bromides, iodides, sulfides, cvanides,
haxacyanoferratea{ll) and hexacyancferrateaflil).
If neceesary, bromide and iedide ions shall ba
defarmined separately, and the result ol the
chloride defermination corrected accardingly

Compounds forming complexes with silver lons,
gurh as ammnoninm and thinsullfals inng

— Compounds which will reduce chromate (ons,
including iron{ll} and sulfitc ions,

The interferences mentioned above will lead to high
chloride values,

Highly coloured or furbid sclutions may obacurc the
and point, for axampla hydrated iron oxide,

Takle 1 — Interferences

Amount intarfaring
Substance
gl
B 3
1 5
B nf
CH- 1
Fe{CN)y * 2
FulCN)g # 2
HH, 4 100
By Oy 200
S0y 2- T
S5CH 3
Croy e 1000
POy - 25

Table 1 gives a summary of the concentrations of
interfering compounds, in milligrams per litre, that
give an increase of approximately 2 %% in the result
when in the pregence of 70 mg/l of chloridsa.

2 MNormalive references

The following standards contain provisions which,
through reference in this text, constitute provigions
af thiz Imernational Standard. Al the time of publi-
valion, e edilicns indivaled were valid. All slaml-
ards are subject 1o revision, and parlies 1o
agrasmants based on this Internalional Standard
are encouraged to investigate the possibility of ap-
plying the mast recent editions of the standards in-
dicated below. Members of IEC and IS0 maintain
regietare of currently valid International Standards

2017-11-28, &A1 953 celdag s gy Har ¥ Fo EF FUHC
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ISO 9297.1989(E)

160 385-1;1084, Laboratery glassware — Burefles —
Part 1: General requirements,

IS0 5667-1:1980, Water guality — Sampling —
Part 1 Guidance on the deosign of sampling pro
grammes.

150 5667-2:1982, Walter gualily — Sampling —
Parl 2 Guidance on sampling fechniguies

150 S5667-3:1985, Water gquality — Sempling —
Part 3 Guidance on the preservation and hanaiing
of samples,

IS0 6725:1086, Procision of (esl methods — Determi-
nafion of repealability and reproguciiiity tor a
standard test method by inter-iaboratory fesls.

3 Principle

Reaction of chioride with added silver ions to form
inseluble  silver chloride  which  pracipilates
quantitatively, Addition of a small excess of siiver
lone o form @ red brown silver chromate with
chromate ions that have been added as an indicator.
This reaction is wead for indicating the end-point
The pH is maintained In the range of & to 495
throughaut the titration in order o gllow  precip-
fation.

4 Reagents

HOTE 1 ANl silver compounds and solulions are sensi-
tive 1o light. Silver salts temporarily stain the skin brown.

Use only reagents of recognized analytical grade
and only distilled watér oF Water of equivalent purity.

41 Silver nitrate, standard volumetric solution,
cfAgMO,) == 0,02 mold,

Dissolve 33874 g of silver nitrate [AgMO), previ-
ously dried al 105 “C in water and dilute to 1000 mi
in 8 one-mark volumetric Mask.

If stored in the dark in a brown glass bottle with
wlass sloppers, lhe solution is stable for several
manths, The solution is standardized against 10 mi
sodium chloride standard reference eolution {diluted
tey 400 mnl) nzing the procedure given in 6.1, however.
there |15 no nead for pH adjuslmenl.

4.2 Polassium chromate, indicalor, 100 g/ salulion.
Dissnlve 10 g of polassium chromate {KLCr,) In
water and dilute fo 100 ml.

431 Sadium chlaride, standard reference solufion.
aAMaC = 002 molfl, Dissolve 11688 g ol sodivm
chloride (MaCl), previously dried at 105 "C, in water
and dilutc to 1 000 mil in a one-mark volumetric flagk.

4.4 Nitric acid, oHND) = 0,1 mol/l.
Btorcd in o glass bottle, the solution is stable indef
Initely

4.5 Sodium hydroxide,
0.1 melil

solution,  s(MaOH) =

4.6 Reagent. for improvemeant of the bufler capac-
ity

Calcium carbonate (CaCl,) or sodium  hydrogen
carbonate (MaHCO,) in powder form.

5 Apparatus

Ordinary laboratory equipment and

51 Burette, of capacily 25 ml, complying with
180} HEL-1

6 Procedure

For sampling and preservation of samples refer 1o
IS5 BRAT-1, IS0 SRAT-2 and IS0 BRRT.Z

i1 Titration

Pipette a test portion of 100 ml, or a smaller volume
of the sample diluted te 100 ml [vaelume 17}, into ai
ther a white porcelain basin, or a conical flask or a
peaker held against a while background.

It the pH af the sample is nulslda the range of 5 i
95 adjust the pH using nitric acid (4.4} or scdium
hydroxide (4.9} as appropriate, and nole the volume
required.

If ammonium iong are present in the sample in con-
centratlons excecding 10 mg/, adjust the pH to be-
tween 6.5 and 7.

Adjust the pH in one aliquot, then take another and,
thie time without maasoring the pH add tha sama
amounts of acldrhydroxide solution.

HOTE 2 If the pH is less than 5. pH-adjusiment wilh
calelum carbonate or ssdlum hydrogen carbonats (4.6) is
preferable. This will also improve the buffer capacity. The
amaount added should be chosen so that a carbonate res-
idue is left in the sample even after titration.

Add 1 mi of potassium chromate indicator solution
{4.2). Titrate the solution by dropwise addition of sil-
ver nilrale solution until the colour of the sclution
just changas to a reddish brown (valume F)

After addition of one drop of sodium chloride sol-
ution (4.3}, the colour should disappear

M17-11-28, HEAADLG(FI Fol AL Holfn] By ¥a U Fo qES FUYUD
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Uge the titrated sample {freated wilh sadiim chlarida
solution for comparison with the next fitrations,

Where the titrant volume excesds 25 mil, repeal the
determination using a larger capacity bureite or a
smaller test portion volume

G.2 Blank test

litrate a blank solution as described In 6.1, wsing
100 mil of waler insiead of The lesl sample,

The blank value should not exceed 0.2 ml of 41,
Olherwise check the purity of the water.

T Expresslon of results

7.1 Calculation

The chloride contenl, pey, in milligrams per litre, is
given hy the lormula

(¥, Vyer

Mo = IT-n
where

el Is the concentration, in milligrams per li-
tre, of chloride;

¥, is the volume, in millilitres, of the test
sample imaximum 100 ml; dilutions must
he taken into account);

Vy ig the volume, in millilitres, of the silver
nitrate solution used for the Titration of
Ihes blarnk:

ISO 9297:1989(E)

V’ is the valumea in millilitres, of the zilver
nitrate solution (4.1) wsaed for the ltration
of the sample,

C is the actual concentration, exprassad in
males of AgND,; per litre, of the silver
nitrate solution;

i is the conversion factor,
= AR 4Rimg/mal.

Raport the result to the nearest 1 modl, giving three
significant figures only

7.2 Precision

The pracision of the method ie given In tabla 2

B Tasat raport

The test report shall include the fllowing inforima-
than:

a) a reference la this International Standard;

by all information necessary for a complate identifi-
calion of the sampla;

) Lhe resulls and the method of expressien used;

d} detaile of any operations not included in this
International Standard or regarded as oplional,
ogether with any circumsiances thal may have
dlfeci=g e resulls

) Walues taken from an interlaboratory trial carried oul in Germany, F.R., in 1883 In accordance with 150 5725, excepl that

tha methad ta H,L_]M_'l autliare waa diffarant

2017-11-28, B&H 735 (F1 Sholdag Hoite] B4 ¥4} Y RE AES FUHC
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Table 2 — Precision data

L N x i T L TR v
Sample
mgd | mal | mal % g 1
Drinking water 11 A4 12,57 12,75 0,213 1.7 0,672 4.5
Dirimbing waler, will chloride jons added 8 6 G378 | G420 | 0372 08 0,787 1.2
Municipal wasle water 10 kL] 1064 | 1086 | 0676 0.6 1,287 1.2
where
I is the number of laborataries,
= e the trus valuo,
e in tha reproducibility standard deviation:
i I8 the rapaatabllity standard deviation;
N is the number of values;
3 I8 the mean value;
Ty e the reproducihility wariatinn rrafficiant
(RN I& the repaatabiity vanalion, coalliciaal

e —————

UDC 356.114:543.243:546.131
Deseriplors: water. guality. chemical analyiis, délermindlion o coflanl, ChIGRdas, WIUmEltic dhalvsis,

Prica bagad on 4 pages
e R ELLE e

2017-11-28, B&H 735 (F1 Sholdag Hoite] B4 ¥4} Y RE AES FUHC
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Designation: C 1152/C 1152M - 03

.

2. ASTM C 1152 Standard Test Method for Acid-Soluble Chloride in Mortar and Concrete.

INTERAATIONAL
Standard Test Method for
Acid-Soluble Chloride in Mortar and Concrete’
This stamderd 35 Jsmed under the fived destgmation © 1152/C 11510 the ounsbar mmmediataly following the destmaton indicates the
wear of onigmal edoption or. in the case of revisiom, the year of last revisiom A mumbsr  parcathesss indicats the year of lant
mapprovel A mpemenipt epailon (o} indtcates am editerial change tmes the 1t madsion or reapproval

1. Scope

1.1 This test method® provides procedures for the sampling
and analysis of hydranbe-cement mortar or concrete for
chloride that 15 acmd soluble under the condiions of test. In
most cases, ackd-soluble chlionde 15 equvalent to total chiorde.

1.2 The text of this standard references notes and foomotes
that provide explanatory mformaton. These notes and foot-
notes shall not be considered as requirements of ths standard.

1.3 This standard does mot purport to addresz all af the
safety concerns, §f oy, associated with itz wuse. Ir is the
rasponsibility of the wser of fis standard to establish appro-
prigte zqfery and health practices and determine the applica-
bility qf regulatory limitations prior fo wse.

1.4 The valwes stated in esther SI units or meh-pound units
are to be regarded separately as standard Within the text, the
mich-pound umrts are shown in bracket=. The values stated 1
each system are mot exact equivalents; therefore, each system
zhall be used mdependently of the other.

1. Referenced Documents

21 ASTM Stawdards: ?

C420C 420 Test Method for Chtamung and Testing Thalled
Cores and Sawed Beams of Concrete

C 114 Test Methods for Chemical Analysis of Hydraube
Camant

C 670 Practice for Preparng Precimion and Bias Statements
for Test Methods for Constructon Matenals

C 702 Practice for Reducing Field Samples of Aggregate to
Testing Size

C 823 Practice for Examination and Sampling of Hardened
Concrete m Constructions

! Thas test mathod & under the pemdicton of ASTM Commites C09 o
Concrete and Conmes Appreganes ead s the drect ihility of Sabc it
C09.68 oo Miscallanecus Tost

Curmnt editon approved Dec. 1, 2003, Poblished famumy 2004 Orogizally
approved in 1920, Last previon: editton appreved in 1997 & C 109287

* This test method is based m & mport by Clam, K. C., and Hamgan, E. T.
“Eappling and Testing for Chloride Jon in Comcrets,” Repart Ne. FHRA-RD77-E5
Foderl Highway Admiistrasion, Washingten, D, Ang. 1877 {Aaihblc a: PB
ITI418/A% Natiooal Technical Informertion Senvicas).

* Fer refarsnced ASTM shadards, visi the ASTM website, vwwmimors, or
coniact ASTM Customner Servics at wenvicsiSisstmuorg. For dmasal Fook of ASTA
Spaneords volume informarion, refar to the standard's Doonmeat Szammary pags oo
the ASTA wwbais.

C 1084 Test Method for Portland-Cement Content of Hard-
ened Hyvdranbie-Cament Concrete
D 1193 Spectfication for Feagent Water
E 1l Spectication for Wire-Cloth Sieves for Testing Pur-
poses
3. Significance and Use

3.1 The amount of acad-soluble chlonde in most hydranlie-
cenzent 5y tunsuequaltnﬂletula]ammmtnf:hlmdemﬂ:e
system. However, some orgamic substznces that mav be miro-
duced mio mortar or concrete contain chlonde that 13 mitially
acid-msoluble that can eventually iomize and thus become
arid-soluble or water-soluble after 2 penod of exposure m the
very alkaline cement system

3.2 Sulfides are known to mterfere with the determmnaton of
chlonde content. Blast-furnace slag agzegates and cements
confam sulfide sulfir in concenfrations that can canse such
interference and produce amoneously high test results, Treat-
ment with hydrogen perceode. as discussed m Test Methods
C 114, 15 nzed to elinunate such interfarence.

4. Apparatuz

4.1 Sampling Equipmenr

411 The apparates requred for obimming samples by
conng or sawing 15 deseribed m Test Method C 42/C 420

41.2 Use the following apparates for sampling by drlims
{pulverization):

4121 Rotery Impact Drill and dnll or pubvenzing bats of
sufficient dizmneter to provide a representzinve sample of
sufficient size for testing

4122 Speon or other autzble means to remove pulvenzed
sample material from dill hole wathout contammnation.

4123 Sample Containers capable of mamtaming samples
I an uncontaminated state.

4.2 Sampls Processing Apparans—The apparatus mequred
for processmg samples shall be chosen for its surtabihity for the
parposes of the mveshzaton, and frequently mcledes 2 con-
crete saw and one of more pulverizers

421 Samples more than 25 mm (] o) m maaonmm
dimension shall be reduced m size by use of 2 jaw crusher or
broken mto smaller pieces by hammermg carefully to avead
los= of smaller preces.

Cupynght ©ASTM inarmaficnsl, 100 Barr Hafte! O, PO B C700, el Combohocian, P 19408-2050, Unied Siaies
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4272 Cmshpzrt.ciul&hd;m"‘jmnﬂ M} If WA
dimension nsmg a2 rofzting puck gonding apparatus, or by
using a disk pulvenizer, or meortar and pestle operated o restmct
to neghzible levels the loss of fine particles.

423 Sieve, 850-mm [No. 20], which shall comply wath
Specification E 11

4.3 Chiloride Determination

431 Balance, zhall be capable of reproducing resulis
within 00002 gz with an accuracy of £ 0.0002 g Dhrect-
rezdmg balances shall have a sensifivity not excesding 0.0001
g. Convenfional teo-pan balances shall have a 1
senmbality reciprocal of 00003 z Any ramd weighing device
that mav be provaded. such as a chan damped moton. or
heavy nders. shall not merease the base macowracy by more
than 00001 £ at any reading and with any load wathin the mted
capactty of the balance

432 Stirrev. mapnetic vanable speed. with a TFE-
fluorocarbon coated mopmete smmng bar

433 Chlovids, SilverSujfids Ion Selsctive Elsctrods, or a
silver billet electrode coated with sibver chlende (see MNote 1)
with an appropriate reference electrode.

434 Potentiometer, with millivolt scale readsble to 1 mV
or betier. A digital readout 1= preferred but not requred.

Mo 1—5ea Nore 67 of Test Methods C 114 for 2 discussion of
suitabie electodes and coating methods.

4.4 Glazed Paper—FPaper to which fme parncles do not
adhere, for use as desenbed m 7.1

&, Reagents

3.1 Purity of Reagemts—FReagent grade cherueals shall be
used in all tests. Unless otherwize mdicated 1t 15 intended that
all reagents shall conform to the speciications of the Cormmut-
tes on Analvhical Reagents of the American Chemecal Soctety®.
(Chher grades may be used. prowvided of 15 first ascertamed that
the reagent 1z of sufficiently igh pwmity to pemmt 1ts wse
without lessenms the accuracy of the deterrmanon

5.1.1 Sodimm Chieride (MaCl).

5.1.2 Silver Nitrats {AgNO,).

513 Potaszinm Chiorids (EC1). (required for sibver nilet
electrode onkv).

5.1.4 Reagemr Warer conformimg to the requmemsnts of
Speuﬁczhm D 1193 for Type I reagent water.

5.1.5 Sodium Chiovids, Stamdard Selurion (005 M Nall}—
Drrv sodium chlovide at 105 to 110°C to a constamt mass. Weagh
29222 g of dned reagent Dhssolve m weter and dilute to
exactly 1 L i a volunetne flask and mmx thoroughly, This
sohmon 15 the standard and requres no fiurther standardization.

5.1.6 Silver Nirate, Standard Solurion (0.03 N (4=N0,—
Dhzsolve 84938 z of mbver mitrate m water Thinte to 1 Lmma
volmmetric fask and mix thoroughly. Sandardiee against 5.00
ml of standard 0.05 N sodium chionde soluhon diluted to 150

* Reagems Chemacals, Amencan Chemical Sacsery Spectficanons, American
Chemmical Seciety, Washizgion, DC. For sggestions on & wsting of reageats not
listed By e American Chemical Society, wee Anmler Sieadesds or Labormary
-:'.l'umm.f BDH Ltd., Pools, Domast, E.T.E ad the Unoed Siees Phormacopena
aad Manomal Formslary, U.5. Pharacsitical Comranton, Inc. (ITSPC), Rockwills,
MD.

(B8]

ml. with water followmg the trivation test method given m 8.1
beginnmg with the second sentence. The exact normality shall
be calculated from the average of three determunabons as
followes:

M = 025V, where:

N = normality of AgNO, soluhon,
027 = milhequivalents WaCl (5.0 » 0.05 N}, and
F = volume of AgMNO, solufion, ml.

Commercrally avalable standard soluhons mav be wsed pro-
vided the normality 15 checked accordms to the standardization
procedurs.

5. 1.7 Methyl Cramge Indicator—Prepare a soluhon contzm-
mg 2 g of methyl orange per hire of 95 % ethyl alcohol

3.1.8 Nitric Acid (1+1)

3.1.9 Hydrogen Peroxide (30 %)

6. Sampling

6.1 Select the sample per Prachice € 823 or as requured for
the purpoze of the mmeshization.

6.1.1 Becanse of the small nomvnz]l mexmmm size of the
aggregate 1n 3 mortar, pleces of mortar having a mass of 10 g
or more will be representative of a rather large volume of
NiTar.

6.1.2 Take concrete cores in accordance with Test Method
C 42/C 470 unless otherwize specified

Nom 3—Concrete cores taken in accordance with Test Method C 42/
T 42M may be cut longimdinally to provide a | 2-mm ['4-in ] thick section
eenerally representative of the core, or ot laterally into 12-mom [Ye-in ]
thick disks regresentative of the concrete core af various depths. Concrete
farthest from a surface into which chloride has penetrated often provides
chipride dam close 1o that of the orizinally placed fresh concrete. The
cooling water fom core curing may dissalve some of the chioride

6.1.3 Powdered concrete obtzined by use of a rotary mupact
drll 15 frequently wsed m determons chlonde concentration
with depth iz bridge decks, pavements, ete. Such samples may
be unrepresentaitve, especially when the nonmnal masarmm
coarme aggregate size 15 25 mm [ m] or more. Thus, several
such samples should be combmed. or the data used with care.
Procedwres for thes method of sampling are 2= follow=:

6.1.3.1 Using the rotary mmpact dnll, dnll parpendicnlar to
the concrete surface or parzllel to the 2x0s of 3 cored specimen
to a specified depth or 2 depth sufficient to obtam a represen-
tative sample of at least 20 g of powdered matenial To prevent
sample contammation, avoad contact of sample with hands and
other sowves of perspimtion. All sampling tools shall be
cleaned and then nnsad wath ethyl aleohol and dned prior te
each samphns opershon. No lubnicants shall be used dmmg
il

6.1.3.2 Transfor powdered sample mto sample contamer
using a spoon or other smiable means.

7. Sample Preparation

7.1 Pulvenze the zample so that all the material wall pass a
850-um [Mo. 207 sieve Thoroughly blend the matenal by
coning as deseribed in Practice C 702 from one glazed paper to
another at least 10 mmes.
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8. Procedure

8.1 Select a sample having a mass of apprommately 10 g
Dletermine the mass of the sample to the neavest 0.01 g and
infroduce mte 2 250-mL beaker Use the reference method for
chlonde ziven in Test Mathods C 114

9. Calculation

9.1 Calenlate percent chlonde by mass of mortar or concrete
to the nearest 0001 %o as follows:
CL %= 3545 [(V -V, ) N] W, where

F, = mulhbires of .05 N AzNO, soluhon used for sample
titration (equivalence point), )

muallilitres of (.03 W A0, solwtion nsed for blank
N = exact pommality of 0.05 W AzNO, soluhon

W = ma=s of sample, g

9.2 Orther useful measures of chlonde concentration can be
obtamed as follows:

921 For caleulating kifosrams of chlonde per cubic metre
[pounds of chlonds per cubie vard] of concrete (see MNote 3),
mmltiply percent chionde by D/100 or D100 to the meamsst
0.1 kp‘m[Ibyd’], where:

F,

Dy = oven diy denaty as determuned m the section om

Concrete Density m Test Method C 1084, ke/m’[Th

yd'l

D, = satrated-smface-dry denmsity az determmed m the
section on Concrete Density m Test Method C 1084,
kp'm*[Thivd'].

Report which dem=ity was used in the calculaton

Mom 3—In the case of dnlled samples or where the acral density can

not be defermined: U = density of mortar ar coacetz, kp/m'[Ibivd”]. The
air dry demsiry of pormal weight concrete for most purposes cam be

assmed to be 2353 kzm’[3515 hiyd']

222 For calenlating percent chlonde by mass of cement,
mmltiply percent chlonde by 10VP, where:

P = percent cement by mass in the mortar or concrete, as
known or determuned 1n accordance with Test Method
C 1084
923 For caleulating equivalent flzke calemum chlonde (cal-
nde by 207

16, Precizion and Biasz

10.1 Precision®

10.1.1 The smngle laboratory standard deviation has been
found to be 0.0015 %5 chlonde (). Therefore, results of two
properly conducted tests m the szme laboratory on the same
matenizl should not differ by more than 00042 %0 (B).

10.1.2 The multlaboratery standard deviation haz been
found to be 0.0021 %5 (a). Therefore, results of two properdy
conducted tests from two different laboratones on samples of
the same matenal should not differ by move than 0.005% %4 (&),

Mom 4—The mmsbers (a) and (5) represent, respectrvely, the (15) and
(D25) hmits as descnibed m Practoce C 6700 This precision statement
applies to tests of samples prepared and ground by a singles laboratory. Far
this reason, test resultz will vary depending upon the method of obtaining
the sample and the size of the sample befare it is croshed and reduced fo
pass the §30-um [IWo. 20] siewe, or pulvenized. The effect may be small for
large concrete cores or from montars secioned vertically to appreciable for
larze azpregate conredes sampled by rotary mmpact drliing with small
diameter drills.

102 Bigr—Smee there 15 no accepted reference matenal
suitable for detenmining the bias for the procedure in this test

" A copy of the messanch mport med bo dewilop the precisien wwemont
weailable fromn ASTM Headquarters. Raquest BER-CH-1003.

ASTM lnlemalional [mkes o posiion respecing ihe vaidy of any pafent rights asseried in connection Wil any g=m menfoned
iy dhis stancharg. Uners of $h's sland'and ave expressiy advised thal dedevmination of e yailkity of any Such patent righls, and ine sy
o infingement of suoh rigids, ane endiely meir onm EsmonRHIR

This stamdan /s sublect io revision af any fme oy She responsbie fechmical commidies and must be revewsd every five years ang
¥ ot revised, sither reaporoved or withdmren. Your comments anes invitsd stiher for revision of fis stamdard or for agoionar styndan's

A showid be agoresesd fo ASTM al H rTers.

o oo

als Wi receive caneful considaration o 2 mestng of e

responsibie fechmical commiffes, witich you may affend. If you fesl Mat your comments fiave nof ecelved 2 fair heanng you showld
maks Four views hoown fo fhe AZTMW Commiffes on Siandards, of e adoress shoan beiow.

This standand /s copyrghied by ASTM inkmabional, 108 Barr Hartor Dvive, 20 Box G700, West Conshohocken, PA T8423-2555,
Linifed Stales indiviciva! reprnds (singhe or muiiipls copl=sh of s stancesd may b= obisined by comdaciing ASTM of the abowve
aggress or & §T0-931-3535 jphone), E10-832-89555 faxl or serviefBestmion (e-makl or Bwough Me ASTM webste
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qmb Designation: C 1218/C 1218M — 99

Standard Test Method for

3. ASTM C 1218 Standard Test Method for Water-Soluble Chloride in Mortar and Concrete.

Water-Soluble Chloride in Mortar and Concrete'

Ty standard ix jsmmed under the fxed dasipeation C 1218/C 1215M; the mmmber imesdimahy following the desipnation indicate the
wear of origma] adoption or. = the case of mulkion, te wear of last revhion. A zember & pamunthees indicafes the year of last
mappresal. A supercrpt spalon o) ndicaka an editomal chongs simce the st rowizico or reapproval

1. Scope

1.1 Thas test method provides procedures for the sampling
and amalyzis of bydaube-cement mortar or concrete for
chioride that 15 water soluble under the conditons of test.

1.2 The text of tus standard references notes and footnotes
that provide explanatory mformmation. These notes and footi-
notes shall not be considered as requorements of thos standard

1.3 The values stated in exther 51 umits or meh-pound umts
are to be regarded separately as a standard. Within the text, the
mch-pound umts are shown m brackets. The values stated
gach system are not exact equivalents; therefore, each system
shall be wsed independently of the other.

14 Thiz standaord does not proport to address all of the
sgfeny concerns, §f amy, associaied with it we. I is the
responsibility of the uzer of this standard to establizh appro-
priare safety and kealth pracrices and determing the applica-
bility of regularory Hmitations prior to uss.

I. Beferenced Documents

2.1 ASTM Standeards:

C 42 Test Method for Obtaming and Testing Drilled Cores
and Sawed Beams of Concrete®

C 114 Test Methods for Chemucal Analysis of Hydraulic
Cement®

C 670 Practice for Prepanng Precision and Bias Statemsents
for Test Methods for Construction Material=*

C 823 Practice for Examination and Sampling of Hardened
Concrete i Constuction®

C 1084 Test Method for Portland-Cement Confent of Hard-
ened Hydraulic Concrete®

D 1193 Specthcation for Reagent Water®

E 1l Specificaton for Wire-Cloth Sieves for Testng Pur-
poses”

E 32 Spectfication for Laboratory Filter Papers®

3. Sigzmificance and Use
3.1 Whater-soluble chionds when present i sufficient

! This test method is imdsr the jurisdiction of ASTM Conemites C-% on Concrete
2 Comcrete Aggrecates and is the dimct respenstbdlity of Subcoromites 00969 an
Miscellaneons Teat

Current edifien appaowed Faly 10, 1995, Poblithed Sepramber [399. Origmally
publisbed as € 1218 - 52. Last pronious edifion C 1216- 87

* Aot Book of ASTM Seandards, Vol 04.02

* Annual Book of ASTM Suandads, Vol 0401

* Annuai Fook af ASTM Swamdards, Vol 11.01.

" dnnuad Book af ASTM Standants, Vol 1400

Caprpright © ASTR, 100 Barr Harkser Db, Wes] Cotshobecknn, PR TRERE-20S0, Used Blate

amount, 15 capable of leadng to mnation or acceleratnon of the
carrosion of metals, such as steel, embedded m or contachng 3
cement svstem such 3 meatar, grout, or concrete Tlms, mts
determmztion shall be requared to evaluate the potenhal of 3
cernent system for undsrgoimg such reachons or to Imvestizate
cement systems where such reacton has already occwred
However, 1t must be recopnized that water-soluble chionde
determined at some patcnlar tme m the ife of 3 cement
system 15 capable of bemg substantally different than that at
another time; for example, the service emvronment 15 capable
of resulting m a lngher water-soluble chlonds content due to
changes m solubility or a lower one due to leachimg

3.1.1 Test conditions are capable of affecting water-zoluble
chlonde deterrmmanons. Take cautton when comparing results
from thas test method with those from other test methods.

3.2 Sulfides are known to mterfare with the determmation of
chionde content. Blast-fumace slag agzregates and cements
contam sulfide sulfin In concentrations that are capable of such
mierfarence and produce emronecusly high fest results. Treat-
ment with bydrogen peroxide, as diseussed m Test Methods
C 114, 15 used to eliminate such inferference.

3.3 There are aggregates that contamn chlonde that 15 not
available for comesion. Such chlonde will be detected by use
of this test method ©

4. Apparaius

4.1 Sampling Equipment:

41.1 The apparatus requed for obtaimng samples by
corng of sawing 15 described m Test Method C 42

4.1.2 Use the followmng apparatus for sampling by dnlling
(palvenzation):

4121 Eotary impact dnil and dnll or pubrenzins bits.

4122 Spoon or other swiable means to collect without
contanmnaton pulvenzed sample material produced by dnll-

mge.

4123 Sample containers czpable of meintaimng samples
mn a0 uncontanvmzted state.

4.2 Sample Processing Apparans—The apparstus required
for processmg samples shall be chosen for tts autability for the
puposes of the mvestipastion, and frequently meludes a con-
crete saw and one or more pulvenzers.

“For mere Wmfomation wee “The Determization of the Chlomide Comtent of
Concrete,” by Bran B. Hope Jobo A Page and Jobo 5. Poland, Ceowenr and
Concrere Research, Volume 15, Number 5, Pergamon Pross, New Yook, Septembar
1985, pp. BE3-RT70.
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421 Sample: more than 25 mm [l m] m mecommm
dimension shall be reduced m size by use of 2 jaw crusher or
broken mito smaller pieces by hammenmg carefully to aved
lozs of smaller preces.

422 Crush particles less then 25 mm (1 o] 1o masomumm
dimension wsing a rofatns-puck prinding apparatus, or by
using a dise pubverizer, or mortar and pestle operated to restiict
to neghmible levels the loss of ine parncles.

423 The 350-um [No. 20] sieve shall comply with Speci-
fication E 11.

4.3 The apparatis required for the chlonde determination
step 15 gZiven as the referemce test method for chionde m Test
Mathods C 114,

44 (lazed paper to munirmze adherence of fime particles for
us2 as deseribed m 7.1

5. Reagenis
5.1 The reagents requred for the chionde defermination are

given 1n the refarence test method for chlonde of Test Methods
Cli4

6. Sampling

6.1 Select the zample as requred for the pupose of the
mvestizaton (Mote 1)

Moty 1—Becaase of the small nomuinal mesinmm size of the aggrezate
in @ mortar, pieces of mertar having 3 mass of ar least 10 g will be more
representadve of a much larger volume of morar than would an
equivalzntly sized sample of concrete. Practice © 813 may be used as a
puide for sampling

6.1.]1 Take concrete cores mn accordance wath Test Method
C 42 unless otherwse specified (Mote 2}

HMerru 2—Concrete cores taken in accordance with Test Method C42
may be oot lonpiodially to provide a 12-mm [W-in] duck secton
generally representadve of the core, or cut latevally imto 12-mum [La-in ]
thick discs representative of the concrete core at vanious depths. Expen-
ence has shown that the cooling warter from: core carting will not disselve
2 sipmificant amsmt of the chionide.

£.1.2 Powdered concrete obtzmed by use of a rotary impact
dnll 1= frequently useful in determmme chionde concentration
with depth m bridze decks and pavements. When the nomnal
mEnn coarse aggregate size 15 25 mm [1 o] or more such
samples are wrepresentative. The data mmst be used with care
or several samples combmed Procedures for this method of
sampling are as followrs:

£.1.2.1 Uszing the rotary mmpact dnll, dnll perpendicular to
the concrete surface or parzllel to the aas of a cored specimen
to a specthed depth or 2 depth sufficient to obtam 2 represen-
tative sample of at least 20 g of powdered matenzl. To prevent
sample contamination avoed contact of sample with hands and
other sowrces of perspiation. Clean all samphng tools prior to
dnlling.

Moty 3—Samplng tools may be cleaned with a boush, cloth, ethyl
alcohol nnse. water rinse, or other method that will net contaminate the

anpls.

6.1.2.2 Trapsfar powdered sample mbo the sample contaimer
using a spoon of other smitzable means.

b

7. Sample Preparation

7.1 Pubvenze the sample so that all the matenal wall pass a
33-um [Mo. 20] steve. Thoroughly blend the matenal by
transferning it from one glazed paper to another at least ten
fmes.

8. Procedure

81 Select 2 sample having a mass of approxamately 10 z
Wagh the sample to the nearest 001 g and place 1 mio a
250-mL beaker. Add 50 = | ml of reagent water mesting
Spectheation D) 1193, cover wath a watch glass, bnng to a bol
and boil for 5 min Allow to stand 24 b Filter by gravity or
sucton through a fine-texchre, Type I1, Class G filter paper of
Specification E 832, Transfer the filtrate to a 250-ml. beaker
Add 3 = 0] mL of (1:1) mtnc acid and add 3 = 0.1 ml of
hydrogen perceade (30 %6 solufion) to the fitrate. Cover the
beaker with a watch glass and allow to stand for 1 to 2 mn
Haat the covered beaker rapediy to boitling. Do not allowr to beal
for move than a few seconds. Remove from hot plate (Note 4.
Proceed m accordance with the reference test method for
chionde of Test Mathods C 114, starting with the procedwe
that follows removal of the sample from the hot plate in Test
Method= C 114.

Mimn 4—It 15 important to keep the beaker covered dunng heaong and
dipeston to prevent the loss of chloride by volaflzation

9. Caleulation

9.1 Caleulate percent chlonde by mass of mortar or con-
crete, by the reference test method for chlonde grven i Test
Methods C 114.

9.2 Other useful measures of chlonde concentzton can be
obtained as follows:

921 For caleulating kilograms of chlonds per eubie meter
[poumds of chlonde per cubic verd] of concrete, mmltiply
percent chionde by /100 or D./100,

whera:

0y = oven-dry den=uty as determmned m the sechom om

Conerete Density in Test Method C 1084, kz/m’[Ib/

vd’]

D, = satwrated-arface-dry density as deternuned m the
section on Concrete Denwsty m Test Methed C 1084,
kg/m’[Ihivd"].

The report mmst state which density 15 used o the czlenla-
tion.
922 For calculating percent chlonde by mass of cement,

multply percent chlonde by 100/,

whera:

P = percent cement by muass n the mortar or concrete, as

known or determumed m accordance with Test Method
C 1084

1. Precizion and Bias

10.1 Precision™—This precizion statement 15 based on
samiples passing a SH0-pm [No. 3] sieve instead of an §50-um

'Data med o devalop this precivion samment ame awailable Som ASTM
headimoarters. Requast BE- C3-1003.
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[Mo. 207 steve and oz a | mun boal mstead of 2 5 pun bol
Motn 50 15 the opimicn of the commirtes that this difference in
procedure should ot sinificantly infiuence the precision bevend what is
presented here

10.1.1 The smgle-lsboratory standard deviabon has besn
found to be 0.0013 % chlorde by mass of mortar or concrete
Therefors, rezults of two properly conducted tests m the same
laboratory on the same matenal are ot expected to differ by
more than 00037 %

1012 The mminizboratory standard deviation has besn
found to be 0.0037 % chloride by mass of mortar or concrete ®

* Thess mumlars represant, respsctivaty, the {15} and [d2:) limin 2: described n
Practice C 470

Therefore, results of two properly conducted tests from two
different laboratories on samples of the same material are not
expected to differ by more than 0.0106 %2.* (Note 6.

Mum §—This precision stassment applies to tests of samples prepared
and pround by a sngie labomtory Test results of concrete consmcton
will vary depending upon the method of obeaining the sample and the =ze
of the sampls before it s croshed and redoced to pass the §50-pm e, 20]
siewe or pubvenzed

10.2 Biaz—The procedure in this test method has no bias
because the vzlue of water-soluble chlonde 15 defimed by the
procedure.

11. Eeywords
11.1 chionde; chionde content; concrets; mortar; water-
soluble chlonde
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DEVICE FOR MEASURING THE FREE
CHLORIDE CONTENT OF WATER

This application 13 a LS. Matinal Stage Application of
PCT Application Ne. PCT/EP201 2064601, with an inter-
notional filing dote of 25 Jul, 2012 Apphicont cloims prorty
hased on French Patent Application Mo, 1156773 filed 25
Jul. 2011, The subject matter of these applications is incor-
ported berein.

I. FIELD} OF THE INVENTION

The flekd of the invention is that of technsgues for mea-
suring physicalchemical properties of Huoids, especially
wiker such s for example potable water flowing in disin-
buatien mertworks.

More specibically, the invention periains o the design and
mvifactune of probes and 10 methods for the in-line me-
suremeirt of parameters representing the quality of water,
especially 115 chlorne concentration

1 THE PRICE ART AND ITS DRAWBACKS

Chlorine is usually present in potoble water in two forms;
the hypoclilerons acid (HOCT form also keown as active
chlurine;
the bypechlonte jons form (07—
These two forms of chilorine coexist in water in propor-
tions that depend on its pH according to the following

dasseciation equilibrum fommuk:
HOA | 001" H*

The sum of the concentrations in water of active chlorine
on the one hond and in hypochlorite ions on the other hand
constitute the eoncentration of free chlorine in this water:

[Free chlorne]={BOCI+[OC7]

The chlorine 15 mpecied g the poable waler a0 as 1o
obtain disinfection. The residual concemration of free chlo-
rine in potable water o1 the distcibution points ol the con-
sumer’s premises must therefore be great encugh 1o ensare

ihal no baeterial growth is observed therein. 1t must hewever s

he wenk enough o as not o aifect s gustmory gualities.

The concentration of Free chlerine in water 12 therefore a
vital parameter in the pssessment of its quality,

In warter treatment, the quality of nested water is con-
stantly comtrolled in order w0 verily the efficacy of s
treatment and'or 1o optimize it secording to the conditions of
aperation. Probes are generally implemened for this par-
o,

There are koown ampervmetric probes that ane nsel 10

meisure e chlomne copcentration in the form of a

hypochlorous acxd of a water, These probes include for
exomple @ relerence eleinde, & working elecirode and a
counter electrode. The application of o difference i eleciric
potentiol 1o the terminals of the reference and working
electrodes reduces the hypechkrous acid and produces an
electric current which can be messured ot the terminals of
the working electrode and the counter ehectrode, This current
is proportional to the concentration of by pochlonms acid in
WHEEE.

A5 exploined here above, the concentration of chlorne in
ihe form of hypochlorous acid and in the form of hypochlo-
ritg ions are related by the following reaction:

HOC 1001 +H?

In sddition. the pH value of water is related Lo its H” lon
copcenirtion by the formula:

pH=fogi[ "L

5

L
o

L0

2

The eoupling of n amperometric sensee of chlorine in the
form of hypochlorus acid with a pH sensor leads therefore
i obtaining a messurement device which can be used 1o
know the copeentration of hypochlorite lone in watar amd,
fram this, W deduce s free chlonne concentratzn. For
menwry, this 1= equal 1o the sum of its HOCT concentration
and i OCT concentration.

A memuring device of this kind s sdvantageous in as
mach o5 11 can be nsed 1o efficiently detenmine the fres
chlorme copcemmtion of water which 15 2 perameter subject
1o regulations on the guality of distibuted potable water.

However, 1t has the drawhack of requiring the implensen-
tation of a pH probe. This type of probe calls for frequent
mainlenance opesations at o e of less than @ month per
operation i order 0 benelit from the precision pesded 1o
compute free ehlorne (0.01 pH wnits in the 6.5-9 pH units
ranged, ancl this ferkds 1o ncnesse the cost of this techmgue
The e afa pl] ]1!.'I.Ib|.' alsn tends 10 pedlsee the compactness
of sucl o measuring device.

The document USZ03Z903 describes ancther tech-
nigue for mensuring the free chlonne concentmbion of waler
by means of a probe comprising o cavity bousing 2 working
electmde and a reference dlecirode that batlse in an alectm-
Iyt contadming o pH stabilizer The cavity is clesed off by a
beydrophilic membrane that is permeahle to both forms of
chlorme comstituting free chionne. The hypochlonte wons
that penctmie the cavity of the probe react therein 1o form
hypochlorous acid. The application of o difference in electric
potential & he terminals of the working electrode and the
reference eloctrode reduces the hypochlorous acid and gen-
erples an elecine curent which = proportional 1o the
hypochlorous sckd coemtration. By knowing the hypochlo-
rous. wekl concentration and the pH oin the cavity, it is
possible 10 know the concentration of fiee chlorine in water,

This technique has the advantzze of ool requising the
implementiog of o pH probe

It nevertheless has the drwbock of implementing an
electmolyie.

The propertics of such an electrolyte tend 10 get modified
over tme. It s therefore necessary o camy ol regular
mailenane: campaigis i maiatain such 3 measurement
device in workng condinon. The service life of such a
device, which is ihe time that clapses between its first
implementation amd the list mpintenance operation is thus
muach shorer than one vear.

Furthermaore, the electrolyte ghould not be mived with the
treates] water on which the messurements are mede. How-
ever, o par of the elesralyte of this vpe of device can
neveribeless leak nto the water to be analyzed. with which
il is put in contacl. A bypass circoit should therefone be
planmed o enable a pan of the treated water Bowing in the
distribution network ke be daveried wowands the measurament
divice, the diversed treated water heing not reimtrduced o

5 the distribubion network ofter the measorement has been

made.

This technique therefore gives rse o additional costs
relaten] firstly 1w the implementing of such bypass means and
secomdly 10 the Jesses of reated waner that are cansed,

There is therefore o techrique for measaring the con-
centration of free chlonine in a water, e for measuring it
disecily in the distribution network and doeing o ina simple
and elficient wiay.

Howevar, it can I.'I:IE'PEH That 1ls quﬂl:ll:.' ol 1l ]1I.I'|Ill1lr_'
wiler deteriorubes between §is point of production ond its
peand of distibution to ihe user. This can be cmused for
example by a brcak in a piping system, backflows ar even
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deliberute mirusion of contaminants mee the distbaiion
netwiork carried owt by third paries.

Certain users therefore express the need o be able 10
direetly verily the quality of the water distritusted to them at
e prtable water distnbition pomt i thewr hismes or prem-
1505

The prior art wechniques do B0t ensble such a need o be
et

3, GOALS OF THE INVENTION

The invention is aimed especially at overcoming these
drawhacks of the prior art.

More specifically, it is a goal of the invention, in af Jeast
e embodiment, o provide o technigque for carrying sl the
inline measurement of the free chlorine concentration of a
water, e directly in the water distibution network, Tor
exmple with a messuring device in conlact with this water.

It is ancther goal of the imvention, i at least one embods -
ment, fo propese such a sechnique which ean be imple-
mnded during in a relatively lengthy period without any
nezd 19 camy oub mamienance crmpaigns,

In particular, it s & goal of the ventxn, in al lest one

embodiment, 1o implement @ technique of this kind for 2

which the frequency of the mpintenance compaigns is
greater than cne vear,

It is another goal of the invention, in at least one embodi-
mend, fo procure a technique of this kind that can be
implemented with a reduced space requinansent.

The inventson also aims, in af lest cne embodiment, 1o
provide 8 techmgue of this kind that can be implementesd in
pressurizesd conditions.

Tt is ancther goal of the invention in at least one ambod-

ment 0 propose o wchnique of this kind that s relisbbe,

sumple and relatively ecommzal 1o implement.
4. SUMMARY OF THE INVENTION

These goals as well as others that shall be achieved bere
helow are achieved by means of a device for measuring the
free chlorine content of a water, sid device compeising a
least one amperometns: senser of sctive chlorine comprising
a refenence electrode, o connter elecirode, o first working
clectrode and & second working electrode, said reference
elevtrode and said fiest working electrode being conmected 1o
meeans for generating a difference in elecirie potential, said
counter elecimnde amed saad fisst working elecirode being
comnested 10 means for messunng elecinic current, said

counter clectrode and socond working electrode being

capahle of being linked 10 means for generating electric
current, said device comprising a membrane coatieg said
first sl sescomd working electrodes, sod membrane betng in
conlacl with soad working slectrocdes and comprising a gel

capahle of letting through hypochlorous acid (FIOCT) and 5

hypochlorite ons (CCT),

Thus, the invention relies on a wholly inoevative
apprisch which provibes an amperometnc senser of active
chikorine comprising o working electrides costed with a
membrane made of gel permesble fo hypechlorous scid
(HOCT) and hypochlarte jons {1} The hypochloroos acid
and the hypoechborite ions can therefone diffise through the
membrane in order 10 achieve a concentration equililirium
hitween the exterior of e membrme and the interior. In
other words, il coneentration of bypochlorous acid and
hypochlorite jons in the membrane 15 identical to that of the
water in contact with the membeane.

L

..
A

b
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The putting of the sensor inte contat with the water
whose free chlorine concenisation 15 10 he mesured is
accompanied by a diffusion of water and therelore of the
hypochlorous ackd and hypochlorite ions that it contains in
the membrne, The compesiien of the waler within the
memhbrane is not disticbed by the flow of water cireulating
in the piping svstem on the surface of the membrane. The
memhbrang therefore constitutes o stable diffusion layer for
HOCT el the hypochlonte was.

Sipee the working electnxdes ane in direct conmact with the
membrane. the application of an electric current 1o tha
terminals of o working electrode and of the counter elecirode
of the sensor penerates the production of H* protoas in the
memihiane by oxidation of water aceording 1o the formuaka
H w200 44 H* #4407, and tlee reduction of the pkH tlereaf,

By keeping the intensity of the penerated current ai a
comstant level, the production of proons producesd will be
constant whotever the quality of the water. To this end. the
voliage ol the ferminals of this working electrode and the
reference electrode could for example be modified in such a
wary hat the intensity of 1he current # the temminals of ths
wirkmg ebevirobe and the covnter electrode will be constant
whatever the conductivity of the waler.

Under the effeat of the production of protons, the
hypochleeibe jons present in the membrane get converted
e bypochborous acid according io the following reaction:
HOC 00T+, The fact of reducing the pHoin the
membrane therefore moves the HOCVOC] squilibium into
a wone in which the active chlorne is predominant and its
concentration s essentially identical 1o the free chlorine
concentration as illusirated in FIG. 1.

The genermtion of a difference i elecinic potemzl, 1e a
voltzge. at the terminals of tlwe other working electnode and
of the reference elecirode reduces the sctive chlorine present
in the membrane and generates an electric curment propor-
tional o fs concenration in water according to the equation:
HOCT+H™+ Jem— U4 HL0. The electrie current generated
. he messure] @ the terminals of his other u-l.lrki:llE,
electmde amd the connter elecirode,

Given the stable diffusion laver created by the membeane,
the: measured electric current i stationary and proporienal
b the HOCT comeentration of water present i the mem-
b,

Whatever the shape of the elecirodes. a linear regression
can be determined during o step of calibration that con be
carried out in ihe factory during the manufscmre of tha
sensor. Thas ealibration slep consasts n plunging the senser
e Wi o more sololions |1::-.-i.u;5 krownm and different
vilues of pH amd free chlerine or adive chlonne concen-
tration. The chiorine mepsured by the sensor is proportional
1o the aotive chlosine concentration of the sobations in which
the sensor is plunged. Should the active chlorine concentra-
tions of the soltions be knowi it is possable, for each
solution, to associale an sctive chlonne concentrabion with
an intensity of coment generoted, Should the free chiorine
conceniration be known, it s possikle, for each solution, 1o
determing the sctive chlorine concentration, for exampla
according 1o the follewing Feamula:

[Fres: liboring]=[Aative cllnrmel 1+ 10 -lng[H*}
Cilpia))
whire!
10 e il:llumul:.- o the EEII.IHEIIHJ current measunsds
C is o constont reloted o the shape of the elecimdes
This step of calibrobion can be used io oblain a linesr
regression ling relating the active chierine concentration 1o
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the indensity of the curnent genersted, The active chlorine
comesponding e a given curmren can then be compuied fiom
ihis Line.
I the cantext of circular electrodes, the theory enables the
dlarect cl:ll:[nn:ﬂiln ufl the comstant mscdi:lg 1o the
formuta: C=144nFDr) where:
i Number of electrons from the oxidation-reduction
reaction (o will be preferably equal o I);

F: Faraday constant:

[ coefhicrent of diffusaon determined i the laborstory for
the ype of membrane chosen (generally ranging fiom
1 ® 1o 100" em?isk

B: radivs of the elecirode.

In general, the value of the constam C ean be determined
during a calibration step. This slep consigls in plunging the
sensor mio g solusn whose pH (pH==log{[H+]3k free
chiorine concentration and carrent | generated are knewn, In
ihese specific coses, the free chlorine conceniration is com-
puted or can b measured by means of a reference sensor

(using the DPD metlwod and @ pH eleciroda). The value of 2

the cuments messured by the sensor as well as the formula
fere below con be used o compuote the constant C which is
the only unknown:

[Free chloring]=[ Active chleripe} 1+L07{-lop![F*]+
Cal-pkadi
The active chlonne concentmbion measured sccording 1o
ihe venton comesponds appreciably 1o the free chlonne
congentration of the water o be analveed,

The implementing of the technique accordfing o the

invention thus makes it posaible w know the free chlorine
copcemtration of 8 water o be amlyvaed by approximation
without using either an electrolyte or a pH sensor

The implementing of the membmoe cificiently protects

ihe working electrodes apainst fouling. In addition, a device

soconding 1o the invention does not requize fle implensent-
i of @ consimable electmlyie, A devace econting 1o the
invention berefits therefore from a sevice life of over one
year, i, it can enable the measurement the free chlorine
copcendration of water for more than one year witheut any
need Lo carry oul mainienance operalions.

Since it does not wse means for measurine pH, o device
seconding ko the wovention 15 futhermore highly compact,
The implementing of the membmse additionally makes it
possibbe to messure the Tree chlorine concentration in pres-
surizad conditions, A device acconting to the invention can
ihus be installed in & netwesk for distributing potable warer,
for example direcily in o user’s premises. The quality of the
potahle water can therefore be verified up 10 15 point of
distribunion.

The technique according to the invention does ol require
e construction of a network for re-rouling & part of the
witber 0 baanalyzed sinee 1 does nol use sy electirolyie, ie,
The sensor does not contwin any reagent. Thag, ksses of

polnhle water are prevented. This reduces the cost of imple- 3

menting the measurement of the free chlorine in water.

Sabd membrane is preferably made of a polymer such as
for example Polvi2hvdroxyethylmethacrylate), amanose,
polvvinyl alcobol (PVAY - . ..

A gel of such & polymer has the advantage of enabling
cfticient ditffusion of active chlorine, hypochlorite jons and
CI™ sons. [ is in odlser wonds permeable fo sciive chlosine,
hypochlarite ons and C17 jens.

In ene pr&furraJ embodiment of the mvention, a dovice
aweonding to ibe invention somprises means for driviog in
order fo implement or not implement saxd meons for gen-
eraling an electric current for & certain duration.
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11 is thus possible o mensure the active chlonine copeen-
tration of water without implementing the means for gen-
erafing electric curvent, i.e. without modifying the pH in the
menshrane and then measunng 1z free chhonne comcentra-
tiem hy :||'|p|.'|.|1i|:||:|Ii|.|||. im i.|r.|p||.l|:|1u|:|i|:$ sail mesms for
generating an electric current, 11 is then possible o compue
the: comeentration of ypechlorte wons in the water and the
value of its pH.

The value of the pH can be determined by applying tha
following:

pH=pEe+iog}{[Free chlonne}-[Actne chlomne ]y
[ Astive chionne]}
where pRa 1 the dmociation equilibriom constant of the
pair HOCLOC]— which is known and is equal o 7.55 w257
[

In anoilser advanigeos enshodiment. a device scoording
I The imvenlion |.'|.||:|1|1|'isoes= wocond :||nper:m|r_'lrk' sensor of
active |:|.'||L|r]|||-_

According o a first variant of such an embodiment, said
first and second amperometric semsors of active chlorine are
wdentical. They are then two four-electrode amperometric
chlorine sensors.

In this case, when the mesns for generating an elecine
current connecied each sensorare implemented, they deliver
currents of different intesiies i, s i, 10 owill then be
poagible to detenmine the fee chlorine concentration of s
water and the value of ite pH.

IIIJ'.' fﬂ.'l." I.'l'II.I.II'i.III.' I:I.IIK.'I:II.'ll'.Il.iHIL can hl.' I.'L1Il.'|rl.||.l."] ]'I:r
applying Tor example the fllowing fonnule

{Fres chlorme]= | Active chkonine], .+
(A =logl[H L4, . l=pKa)

Active chlorine],[ and [Active chlenne]s are determined
by the messurement of the curmrent generated during the
reduction of the HOCT species and the application of a
current with an imensity sespectively of 1, of i, between the
comnter ebectrode and ane of the working electrdes of an
MIPErNTRITL SEn50r

[H*] 15 the concentration of prodons present in waker.

The pk of the water can be computed by applying for
example the following equations wlhere the single unkoown
ettty 1= The concentmation in proteas [H*):

and

=g [FH" ]

where:

the pka s the dissociation equalibrinm consiant of the
HOCIOC! peie which is known o is squal w0 7.55 w0
257 C.

[H*] is the copcendration of proten present in waler;

15 @ koown constad which depends on the gecmetry of the
electmdes;

[Active chlorne], and [Active chiomne], ane o values
of concentration in hypochlorous pekd mensured o the
membrane by both sensors.

According to a second variant of such an emnbodinsent, the
second amperometic sersor of active chlosine comprises a
refierence electrade, a counter electrmde aml 2 single working
electmode, suid reference electrode amd working elesinode
being capable of beimg connected o sevond means for
generating a difference in electric potential, said working



1S 9,513,255 B2

7

elestre and connter electrode being conmested te second
mreans of measurerent of he curment.

Free chlorine comcentration of waler can then be deter-
mined by means of the four-electmde ampaemmetric sensor
and the setive chlonne concentraiion of the waler can
simultaneously be defermined by means of the three-clec-
trode amperometric sensor. From this, it is possible 10
deduce the concentration of the water in hypochlogite ions
and the value of its pH.

A device seconding w0 the dnvention could comprise
mezans for coptrolling the value of the intensity of the elecinc
current delivered by snid means tor genernting an elecirc
cugrent.

The |'II'IJ‘1IH.'|.iIﬂ of mxisﬂikil:,- and r.'ss|:u|.1u.'|i1.'i[:f of a watar
can vary. These propenies bave an infleence on the differ-
ence in potential that hos 1o be applied between the second
working clectrade and the reference electrode so that the
imtensity of the current Aowing between the second working
electrode and the conmer elocirode ane constant and so that
M |'|r:||J||.|:’Ii.<5r.| of prolons in the second w:lr]ci.uE elecimds %
comstunt. Iedeed. the greater the resisivity of the water., ie.
il lower fts eonductivity, the greater is the diference in
potential 1o be applied between the second working elec-
trode and the reference electrode. The myplementing of such
controlling mesns thenefore makes i1 possible o ensune ti
the guantity of data delivered fo the second working dec-
trovde is constant amd that the same is true lor the vanalon
im pH.

Said working electrodes could advantageously fake the
shiape of disks.

Such electrodes have the advantage of being less costly 10
manufacture. Their implementation therefore enables the
production of o deviee for messaring at a more competitive
price.

They could also advatageonsly take the form of combs, -

This geometry permits a greater production of protens and
is particolarly suited to water whose pH is higher (=8 niis
pH) sl where 0t 55 necessary fo apply a relatively grester
raduction of pH.

5 LIST OF FIGURES

Ober features amed advantages of the imvention shall
appear more clearly from the following deseription of pre-
lermed embodiments, given by way of ample illustratory and
non-exliustive cxamples and from the appended drawings,
of which:

FICG. 1 alfustrates the eguilibenmm curves for chlorine in the
torm of hypochloreus acid and hypochlonte wons as 8
function of the pH;

FIG. I illustrates a chip of a device according to the
ivention moonted an o printed el

FIG. 3 illnstrates a vamant of the chip shown in FIG, 2;

FIG, 4alhustrates the voriotion, as o function of ime, of the

intensity of the current measured by means of a device 5

soconding 1w the Invention,
FIGE. & illustranes @ vardant of the chip illsiated in FIG.
2.

6. DESCRIFTION OF ONE EMBODIMENT QF
THE INVENTIOMN

il Reminder of tle Principle of ke lwvention

The tl.l!l:r!l'ﬂl ru'irw_'ipll.- of the invention rebes on the
implementing of an amperomeinic sensor of active chlorine
comprising two working electrodes coated with 0 membmne
capahle of letting O] and OCT pass theough, in order 10

i
A

=

a0

o=
b

o
b

8

determine the froe chlorne concentration of water in modi-
fving the pH within the membree by generating protons.

6.2, Example of a Device for Measuring According to the
Trvvention

6.2.1. Anchiteciune

Reterming to FIG, 2, we present an embodiment of a
device for messuring the free chlorine concentration of a
waler

A shown in this FIG. 2. such a deviee comprises a printed
carcuit 1.

A mference ekectrode 11 is mounted oo the printed cimut
10 In this embodiment, this reference clectrde 11 s an
Ap/AapC] reference psendo-electrode.

A counter elecirode 12 is mounied on the printed cireuit
10 I thas embodiment, this eoumer electrode 13 comprises
two semi-elecimdes 121 connected to one another by means
of a conductive irack 122 made on the priced circunt 10 The
counter elecirode 22 is made out of a stainlese steel plate.

Tha measuring device comprises an essentially quadran-
gular ¢hip 13, This chip 13 15 made of silicon. [t has @ fist
wirkimg electrode 131 and a second working electrode 132

The first working electrock: 131 comprises tao connection
pirds 14 1t has ihe shape of a ring.

The second working electrode 131 has three connection
pads 15, 1 takes the forn of o disk crossed by o revess. Tl
dimengions of this recess are swch that it can owse te ring
of the first working electrode 131 without the first working
electrock: 131 and sevond working elecimode 132 beng n
comact with esch other. The first and second working
electodes 151, 132 are made out of platinum. Thay are not
microelectisdes.

The chip 13 hos a polvmer ng 18 destpmed o Bilitate
115 encapsulation on the printed cireait 10, This ring 15 made
out of palysiloxane (FX).

The first and second working electrodes 131, 131 ane
coated with & membeane 17, The membrane 17 iz made out
of gel, [t s g polyHEMA memboane, 1 s made out of a
Paly(Z-hvdrowyetbylmethservlaie) pelymer. This membrane
15 lyydrophilic. e 0 can get impregnated with water, I can
let tbrough the hypochlorie ions and the hypochloreus acikd.
In other words, the hypochlorite ions and the hy pochlomus
acid can get diffised within te membrane and achieve
eguilibrinm concentmton with he medwm i which the
mezsarement is being made. This is therefore o parially

i selective membmne. In this embodiment, this membrane is

also permeable o C17 bons.

The membrane 17 is connected 1o be working electrodes
130, 132 by covalent bonds. 1t has o thackness preferably
ranging from 4000 150 mienmelers

The rest of the chip 13 is coated with an insulator which.
in this embodiment, is constituted by silicon nitrde.

The pranted circoit 100 comprises comnection pads 16
which are connecied by wires 1 the connection pads 14, 15
ol the chip 13.

The greater the number of pads. the greater is the reli-
ahility of the connection between the chip and the printed
circuit.

The measaring device comprises means for generating a
dilference m electric potential (not shown), These mens for
generating o different in electric potential comprise a voliage
generator o apply 8 constant volinge between the fenminals
of the reference electrode 11 and ihe first working elecirode
131 wia the connection pads. In this embodiment, the voltage
generator i connected i he reference electrde 11 amd 1
the: first working elecirode 131,

The messuring device comprises meams for generating an
electric current (nod shown), These means for generating an
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elestrie carment comprise o curnent generator and enable the
application of an elecie current between the terminals of
e coumter electrode 12 and the second working electrode
132 wia the connection pads. o this embodiment, the appli-
caiton of a current of constant miensity between the counter
electrode 12 amd the second working electrode 132 s
abtained by the implementing of a variable voltage genera-
tor at the terminals of the referepce electrode 11 and the
sevond working electrode 132

The mesunng device furthenmone comprises means for
contnolling the value of the inlensity of the elecire currem
dedivered by the means for generating on ekectric current, In
this embodiment. these contrel mesns anomatically modily
e value of the voliage applied by the current generation
means aecording 10 the resistivaty or comdietvity of water,
the free chlorine concentration of which 15 messured in soch
a way that the intensity of the elecie corrent delivered by
i means for genersting current are constan aod e
generution of protons ol tbe secomd working electrode is
comslan.

lin this embaodinsent, the means for generating a difference
in electric potential and the means for genemting elecine
curent consiifule @ common power supply st biasing
cireuit, also called & hipotentiosiat. Such a bipotentiosiat

cnabbes the delivery of constant voliage between e fist 2

working electrode and the reference electrode amd a constan
current between the secomd working electrode aml the
counter electrode, [1s implementing makes 1t possible to use
only one counter elegirode and only one reference elecinode,

In one varant, the means for generating s difference in

potential and the means Tor generting an electric current
cowld be anclependent of ech other, They could for example
he ench constituted by a potentiostat,

Apotentinstot can be implemented in different operational

mades. The selection of an amperometric mode induces the

application of a difference in feed potential (hetwoen the
workiig electrdde and the reference electrode) and the
measurement of current [between the working elecinode and
b comnter electrode). The selection of a potentiostal node
imhoces he application of g fxed cumrent (between the
working elecurode amd the counter electrode) and the mea-
surement of the difference in potential (herween the working
electrode ad the reference eectrode). In this embodiment,
ihe bipoienticstal used is om Palm Instruments BY (ref-
erence: Palmsens with bipodentiostat), Other tvpes of poten-
tiostat can ke used in varians.

The measuring device comprises means (et shown) for
mesuning surent hetween the terminals of the counser
electrade 12 omt the rermanals of the first working electnde

131 via the connection pads. These means for measunng can

fior example inclode a voltmeter ar an ammeter. They are
connected i means for analyzing which make it possible 10
determing the scive chkine concenirmion frean the value
aof the curment messured via the mesuring means. These

means for analyzing con for example comprise one or more 3

computers, lor example processors,

The means for geverating a difference in potential, the
mesng for genering an elecinc current, the mens for
messuring currend, the mesns for analyss and the chap 13
which comprise the first werking electrode 131 and second
working electrode 132, the counter electrode 12 and the
membrane 17 constiiute a frst four-electrode amperonsetric
sensar of active chlorine st can be mplemented o mea-
sure The fres chlorine coneentrion of @ waler h}' ..-quiwl-
lenee,

In this embodiment, the diometer oo the chip of the first
working electrode preferably ranges feom 1900 10 2600
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mkrometers, the diameter an the chip of the seeond working
electrode 15 preferably equal w 42000 micramesers, the
differemce between the external diameter and the intemal
diameter of the polymer fng is prefembly equal to 500
ke roelers, he stricture of the chip preferably hos 2 leagih
and @ width respectively equal w0 8 and & millimeters, the
diamseter of the insulstion is preferably equal o 3100
O ETS,

6,2.2, Vananls

FIG. 3 illestranes one vanam of 2 clip 30 of a device for
mesaring aceerding vo the invention. As shown in this FIG.
X, such a chip 30 is essentially quadrangular. It comprises a
first working electrode 31 and o second working elecimde
32 which are each conatituted by a plumlity of wires of
cambs 31, 321 disposed in pasallel o coe ancilser. These
working electrodes 31, 33 comprise connection pads 312,
322 for compeciion o dhe primtsd cmcunt WL The zones
sifisnted between the combs are constitited by platiom
coated with silicon nitrite. The electredes in the form of
combs could be microelecirodes having n size smaller than
10 micrameters. In this variznt, the first working elecimde
preferably has dimensions of 10 micrometers by 3400
mieromseters, the second working electrode preferably has
dimengions of 160 micromeders by 3600 micrometers, the
differeiee between the external dismeter and the intemal
dismeler of the polymer nng is prefembly equal o SIH
meromeeters, the structure of the chip preferably hos a lengih
amd 8 width respogtively equal o 8 and 6 millimeters, the
diamter of the insulation is preferably egoalio 110 microm-
elers.

FIG. 5 allustrates arether varant of a chip S0 aceonding 1o
the invention, As shown m this FIG. §, such o chip 50 is
easentially quadrangolar. It comprises a fist working elec-
trodde &1 which comprises a plurality of electrode portions in
the farm of disks 511 laid cut @ the centee of the chip ina
circulor manser, [ comprises o second warking ¢lectnsle 52
disposed semi-cincularly arand the first working elecinde
51 These working electredes 51, 51 comprise connection
padts 521, 522, 812, 513 Tor connection o the printed cinguit
10 Ty this variant, tle first working electrode preferably has
a diameter on the chip equal o G0 micronseters, the second
wirkmg electode preferably s o diameter on the chap
equal fo 4200 micrometers, the dilference between the

4 externa] dinmeter ood the internal dinmeter of the polymer

ring is preferably equal to 30 micrometers, the structuee of
the chip peeferably has a bength and a width respeciively
equal 8 and & millimeters, the msulaton diameter 1 pref-
ervhly equal e 00 mieromelers

In b variants, the relierence clectrode 11 and the counter
electrode 12 could be directly integrated inio the clip 13, 30,

The messuring device can furthernsore comipeise means
fior ddeiving means for generting elaciric curnent. These
mems for drving enshle the implementation or non-imple-
mentation of the means for genemting current for a certain
period of time. [n one altemative, they can enahle the means
Tor generating currend 1o generate a first currend of constant
ity by application of a frst differece i elecine
potential for & certain period of 1me and then a second
current of a constant inensly by the opplication of n second
difference in clectric potential for another duration

In amother variant, the device of i iovention could
furthermore comprise a sevoid sensor of active chlorine
L'|.||r||'rri5ii.115 a xinEhe Ih-l.ll'kJI:I!, alecimde, 3 referanme aloe.
trode, a counter elecirode, means for genermting a difference
in ¢lewiric potentiol at the terminals of the working elecirods
and the reference electrode and means for messaring current
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al the terminals of the working electrode and the counter
clevtrode. This is @ three-electrode amperenieiric sensos of
activie chlogine.

In ancdber varant, a device acconfing to the invention
could inctude two adentical four-electmde amperaine
sensars of active chlonme. The mens for generating curment
counecied 10 each of these sensors will enable the delivery
of a different voliage between one of the working electrodes
and the reference electmdes of each of these sensors,

I these last o vamants, 30 will oo be pecessary 10
imgplement means for deiving the means o generate eleciric
current of each sensor 50 a6 o implement or nod implenent
ther seconsd means for generating during o certain period of
T,

6.3, Example of a Method for Messuring the Free Chlo-
ring Concentration of Water

.31, Messsuremen of the Free Chlorne Congentrtion of
Wister

Acmethed for measuring the fres chlorine concentration of 2

waker aeenrding wo the imvention shall now be described.

A device for measuring according 1o the invention can be
comnected directly 1o a polable water distrobotion pipe in
order b messune the free chlorine concentration of the water
st Bows thenein,

The device for measuring is positbened in such a way tha
fhe membrane 15 housed in the pipe and comes oio confact
with the waler that flows therein,

In contagt with water, the membrane 17 of the chip 13

bevomes saturated with water. The membrane 17 lots the

hvpochlorite ioms and the active chlorine present in the water
pas Throwgh,

The means for generating an electric current are mmphe-
mented soo8s 0 generate a constant eleciric infensily

hetwoen the seeond working ehecirode 132 and the counter

clevtrnde 12 by the application of a variable diffefence in
potetiol o the wermmals of the second working electmde
132 and the reference electmde 11, A generation of protons
i the Torm of HY jons s then ohserved in tbe second
working clectrode 132 by oxidation of water according 10
ihe Following equation: H,O=e200 #4H +de™. These proions
2ot diffused inside the membrase 17. The pH of the water
imhibed into the membrme 1= reduced 5o that e chlorine
present in the membrane is essentially in the form of active
chlorine therein. Indeed, the hypochlonte ioms react with the
H* sens 1o foeny hypochlorous acid.

There is o gradient of active chlorne conceniration inside
The membrane, the concentmtion being sen in contast with
The working electrodes,

The means for genemting a diflerence in elecinic potential

are also implensented 50 a8 w apply a constan voltage io the
terminals of the frs working electrode 131 and the refer-
ence eheetrode 11, The sctive chilonme HOCT present in 1he
membrane 17 is then reducel sceording o the eguation:

HOCHH"+2e"—=C0+H00 The reduction of the active 3

chloring is sccompanied by the genemtion of an elecine
current whose value is peoportional io the active chlorine
copcentrtion of the membrane 17 and therefure the water
fhowing in the potable water prping system.

The implementing of 8 means for messuring makes it
possible to measure the current genersted by the peneration
of active chlorne at the werminals of the first working
elevtrode 131 and il connter elecirode 12,

The mems |1f:||1H|}'s.is. therefire make i1 'pumi.hlu: accgrils
ing o the current measured by the measuring mesns., 1o
determine the active chlerine concentration within the mem-
heane. This is done an the kasis of the linear regression line

=

]

i

-
=

o
b

12
relating the active chlonne concentration with the intensity
of the generubed curment obtmined during the calibrtion of
the semsar.

Civen the low value of the pH i the membrane, the free
chlormme conceniration 1% .:I[!PI'L'L‘i.:IHj’ L‘L]II.:IJ 1 the mnive
chlorme concentration of water. The free chlonne concen-
tration of water 15 herefore determinsd by approximation.

6.3.2 Measurement of the pH and Free Chlorine Con-
centration of Water

A methed acconding 1o the ivenixon can alse ke imple-
mented e memsare the free chlonne concentrmtion of o water
s well as the value of its pH

In this case. e measuring device implemenis:

gither a single four-electrode amperometric sensor of
active chlormne and means for driving the meas for
penerating an elecinic current:

o i four-electrode amperometne sensor of seive chiorne
mnid g ihree-electrode amperometric sensor of active
chloeine;

or o idendical Feur-electirode ampersmeiric sensors of
active chlomine.

A Single Four-Flectrode Amperometnic Sensor of Achive
Chlorine and Means for Driving Means for Genemting an
Electric Curren

A fiedt step conzisis in measuring the sctive chlorise
concentration in the membrase without medifying the pH
thereaf

To this end. the means for doving are implemented 1n
such a wiry that no eleciric curnent is generated by the means
Tior generating current ai the tenminals of the second working
electrode 132 and the counter elecirode 12

The means Tor generating o difference m electric polential
ore implemented so 05 0 generale o difference in electne
potential ot the terminals of the first working electrode 131
and the referenee elecirode 11, The active chlorine present in
the membrane @ then reduced, thus genermting an electnc
currenl whiose value 15 messired by The mns e measunng
o the terminals of the firs working electrode 131 amd the
counter eloctrode 12,

The mecans for analyzing then determine the active chlo-
e concendration of the water present in the membrane as
described here above from ile current measured ot e
termnils of the Grst working electrode 131 and the counter
electmde 12,

A second step consisls in measuring the free chlorine
concentration of e water present in the membrase by
approximation in modifying @is pll as deseribed bere above.
The driving mesns are then implemented o thin the mems
fior geperating an elecine cument apply o voltage 1o the
terminals of the secomd working electirode 132 and the
reference electrode 11 so as 0 generate a constant current
between the secowd working electrode 132 and the counter
electmce 12,

The means fior analyeing determine the fnee chlomne
concentration of the water by approximation from the cur-
rent measured al the terminals of the first working elecirode
131 and the counter elecrode 12 as explained here above.

The mesans for asalyzing then determine the pH of the
watler circulating in the piping system fom its active chlo-
fne copcentmtion and its fee chlorine concemtration
accarding o the formula:

pii=pEetog|{[Free chlnnine-{Active chiommn] ¥
[Astive chionine]}
where the pKa is the dissocantion equilibrinm constant of the
HOCINC]™ pair which is known and is equal to 7.55 to 257
i}
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Ihe means for analyzing can alse determine the
hypochlorite ion conceniration of the water from its free
chlosine concentration and its active chlorne concentration.

B. Four-Electrode Amperometric Sensor of Active Chlo-
rine and ThreeElectmde .-'||:||:|1L-|.'|.||:||L-trir_' Sensor of Acive
Chiorine

The fre chlorine concentration of the water is determanes
by approsimation by means of the four-clectrode sensor as
explained here above.

At the s time, the sctive chlorine corcentrmtion of the
wiker is defermined by the use of the three-clectrode
amperameiric sensor of active chionne, To this end. a
voltage is applied by means for geperating a diflerence in
electric potential at the ferminals of the working electrode
and the refeneneer electrede of the three-closirode sensor,
This 15 accompanied by a reduction of the active chlorine
and the generation of an electrical coment proporsenal 1o the
active chlorine concentration of the water. This current is
masured at the erminals of the working electrode and the
counier elactrde of the three-electrode sensor, The means of
analysis then determane the active chlonne concentration of
witker from ihe measurement of current generated al the
terminals of the working elecirode and the counter electrode:
of tha three-eleetrode sensor, To this end. the three-electrode
activie chiloring sensor is calibrated relative 1o g reference as
explained previously for a fowr-clectrode sensdor s as 10
ablain a linear regression line that relates the actve chlonine
comeniration fo the intensity of genersted current measured,

From the free chlorine concentration aed the sctive chlo-

ring concentration af the water the means for analyzing

determing the pH of the water as indicated here above,

From the free chilorine concentration and the active chlo-
rine coneentration of the waler, the means for analvzmg con
also determine the hypochlorite on concentration of the
WL,

C. Two 1demtical Four-Eleetrode Amperometse Sensos
af Chiorne

A fir slep consists o messuriog the sctive chlonne
copcentration of the water present in tbe membranes by
madilying the pH thercin s described here above o reach
a first value of pH. The driving means are then implemeried
50 that the meams for generating electrical curment apply a
first volags 1o the tenminads of the second working electrode
132 and the rebzrence electrode 11 of a lirst smperemerc
serisar so thot the intensity of the cument generated between
il second working electrode and the coanter electrode of
e First senser s constant.

The mesms for amalvas detenmine o ficst sctive chlonne
corenirntion of the worer Trom the first general currem

meeasured at the terminals of the first working electrode 131

and the counter electrede 12 of the first amperometric segsor
as explained lere above.

A second slep consists in messsuning the sctive chlorine
comcenirtion of the water present in the membrase in

meaditving the pi therein as described here above. to reach 5

a second value of pH. The driving means ore then imple-
mented o thai the means for generating ebecirical current
apply o second welage e the werminals of the second
working electrode 132 aned the reference electrade 11 of he
second amperomeiric sensor so that the intensity of the
current genernted between the second working electrode and
il eoumter electrode of the second sensor 15 constant.

The neeans for analyzing determine a second active chlo-
ring concentration of water from the secomd current mes-
suresd ot the ferminals of the Gt working elestrode 131 and
ihe counter electrode 12 of the second amperometric sensor
as explained bere above,
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The first amd second sieps are prelerably implemented
coneamitantly.

The nwans for amalyzing then determine the pH of the
water cinculating i the piping svstem by applying the
firllowing formula whene the single unknown 15 the proton
coneentration [H*]:

Active Chilsene ] JAenve Chieree];
T+ 0 e
L1400 -l [ 0 Al

then the following formula:
== log B}

[Active Chlorine], amd [Active Chlorine], are the tvo
values of hypochlomous acid concentration messured in the
menhrane by the two sensors.

The mesns for malyzing con alse determine the free
chlorme comcemraton of waler according 10 ether of the
Tollewing formuloe:

[Free chioriee]=[Active chinrme] L +100 -l [H
Cdgreplal)

R

[Froe eliboring]=[Active chinrse] (L4100 -lop][H ]+
i pEal)
The means of anolysis can aleo delermine the activa
chlorme concentration of water according 1o the fellowing
Tormila:

Active cilornine f=[Free chiorme}s 1+1407 pH-pKal

the pH being determined by the previous formula,

In ome variant, the free chlorine conceniration and the pEH
of the water could be determined by following e same
prnezple and inplemerting ealy one four-clectrode ampero-
ek sensor connected o mems for controlling second
meams for geperling scting oo these means m such o way
that they deliver a first voltage for a eerlain time and then
anodber voltage.

6.4, Trals

Trials were conducted wo verify the efficacy of a techaique
for messuring the Tree chilorine concentration chilorine of
waler aeconding to the invention.

In a First step, a device acconding to the invention was put
e comtact with water containing no chlosise and with a pH
ranging from 2.2 o 8.4 An emission of proions was
msintainesd ol the secoml working elecirode, The mtensay of
the current al the tenmanals of the first working elecirode and
the: relerence electrode were then e,

An identical number of drops of a hypochlorite solition
was inbroducad twice into the water (arrows 1 and 2 in FIG.
4], I is seen then that the imensity of the cunrent al the
terminals of the first working ebecirode snd the counter
electmde is proportional to the gquantity of kypechlorite
solution injected inte waber.

The prodisction of protons i the second working elec-
tricle was then stopped (see arrew 3 an FIG. 4). This was
accompanied by a drop i the meensity of the carren at the
terminals of the first working electrode sod the counter
electrode to a value close to zero. This expresses the fact that
the stoppage of e generation of protons in the membranse
was accompanied by a stoppage of the conversion of
h:,.pmﬂl]wil.d 0% il h:ﬂ'ﬂﬂ:'l]l'ﬂ'\ilu!. i,

The pesumption of the generation of protens (see amow 4
in F1G. 4} wes agoin sccompanied by the generation of a
current. of which the intensity measured at the terminals of
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ther first working electrode and the counter electmde was
propartional o the quantity of hypochlorite ons present in
il water.

This trial clearly showed thest the generation of protens in
e membrane made 1 puxsihlu 1y comvert The ]|'_-'p|.||.'|:|||.:ri[|.I
ioms intn hypochlorons acid and thus o shifi the hypochlo-
rows scic hypochlerite iors equilibrivm inge o zone i which
il by poschdonons ackd concentration I appreciably equal 1o
b free chlorine concentration.

The height of the stages obtaned in response o the
injections of a same quanity of hypoechlonte solution is
identical. The messurement of the curment generted in
responss o these injections is therelore Linear.

6.5 Oher Advamages

The techmgque of the vention makes 1 possible 10
mensure e free chlorine concentrition of a waler by
approsimation in lowenng its pH o such o way that the
activia chilorine form of chlorine is preponderant and that s
concendration is appeeciably equal to that of the Iree chlo-
rine.

The technique can especially be efficiently implemented
by lowering the pH of the water 10 o value ranging from 5.5
o B

The inveniuon claimed is:

1. Device for messuning the chilorive content «f @ water,
sl device comprising ai besst one ampenmetne sensor of
chiorine comprising a neference elecimde, 8 counler eles-
trode, a first working electrode and a second working
electrode, said reference electrode and said first working

electrcde being connected e a vollage generitor for gener- -

alqu a differees im electric p:ﬂuuliﬂl. sand eomier electmde
and said first working elecirode being connected 10 0 current
measuring device for messuring eloctric current, sadd coun-
ter electrode and said second woerking electrode being linked

i a currend generator for generating elecine carrent, said -

device further compnsing a membrne coating said fisst and
seeond working electrodes, suxd membmne being in contact
with said working elecirodes and comprising a gel perme-
able o hypochlorous acid (HOCT) and 1o hypochlorite ions
(T

L The device of claim 1 chameterized i that said
membrane 15 made of a polymer.

3 The deviee secording o elaim 2 charactenzed in that
said polvmar is Poly( 2-hydmoxyethy] methacrylste)

4. The device according to ¢laim 1 characterized in that
the deviee comprises a variable voltage generator for driving
i order b implement or not implement sad carent gen-
erlor,

& The doviee sccording to claim 1 characterized in that
e device comprises & socond amperometnic sensor of
chlorine.
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6. The device secording 1o claim § chometerized in that
said first and second amperometic sensors of chlorine ane
dentical.

7. The device scconding w claim § charcterized in that
said secomd ampercaseiric sensor of chlorine comprises a
second reference elactende, o second counter electrde and
a single working electrode, sad second reference elecinde
amd second working electrode being connected o a8 second
voltape generator for genersting 8 dilference in electric
potential, said second working elecirode amd second counter
electrode being connected 1o o secomd currenl measuring
device for measung cumenl.

B, The devace of clom 1 charactenized m that the devies
comprises 8 variable volinge regulator or controlling be
value of the intensity of the electric curven delivered by said
CUFrenl geiseralor.

9. The deviee aceonding @ claim 1 chomeieraed in that
soid workmg elecirvdes assume the shape of disks,

10, The deviee aceording 1o claim 1 characterized in thaot
snid working electrodes assume the fonn of combs,

11. The ampesnetric sewsor ciecuit of claim 1, wherein
the pewer supply amd binsing cireuil compreses a hiopoten-
Hastat,

12. The amperometric sensor circuit of claim 1, wherein
the: power supply amd biasing circuil comprises:

a first potemiostat configared fo deliver e constant
voltage between the fist working ebectrode and the
neference elecinde; axl

8 separate, second peientiostat confignred to deliver the
constant current between the second working elecirods
and the counter elecirde

13. The amperometric sensor circuit of claim 1, wherein
the mesuremient cirous comprses a voltmeter or ammeter.

14, An anperoanielne sensor cueuil Operalive e mesure
a chlorine concentration of waler. comprising:

first and second working electrodes that ane each coated
with a respective hydrophilic membrane;

a power HI.L]1|'I|}'.'IIL|'J hi:lxinE et ululﬁgu:ud 1y, hased on
a resistivaly or comduetivity of water m contact with the
hydmophilic membranes, deliver o constant voltage
between the first working elecirode and o reference
electrode, and to deliver a constant carrent hetween the
sevond working elecimde and a counter electmcde;

a messirement arcit configunad 0 mesure & cument
between the couner elecirode and the first working
electrode; and

a procesaing circnit operatively cormected to the measure-
mwerd cirenst, amid Mﬁglln\d 1o determine a chlorme
concentrtion of the water hased on the current mes-
sured by the measurement cireut,

* & & & L)

- 156 -



ek

A2d AR A

rEhATAEALR e Be] ol BE 3 )

A24z0)40l DA ek

- 157 -




Me% F7LABISFEYLNAUN SHH HTALTH|
s

T4 | AFAA/ T4 ooy TH 79718 | TUA "2 NTISAH|

f AFFuE | (=™Ew) T ° 499 HY) HEHE) (AAZEL) TEHE

- 158 -



MoEt GTWUIA Lol ME AFM Sol
0% MH

| e
D 75 TAA WY A HFH
2 Y AA F2Y FtdHH HA
. A7) k- A
(D) ¥7) 13 AA

2. 74 A

3 ATEE TAA s T

7t Qb 87

WE AN 18)

(D 20173 1=k
- 4 A 2017. 03. 22
g AERaY 5
(2) 2017@ 2=}
- 4 A] : 2017. 05. 08
S LI s E RO ERIS
(3) 2017@ 3=k
- 4 A 2017. 09. 11
S glEas Zas 98 dud e A% 5
(4) 20179 4}
- 4 A 2017. 10. 24
Ul ks o) AnA 5
4 AT g AR A9
7 ABAR AW
L YA
2017. 11. 21

- 159 -

e
gal
2



H108 A7HEDNC] CHEY A 45

S - =5 =E AN 9B E7] A
_=® Co 2% AAR 9EE AAY (B AL (SCL HF
ME D B ag AN g T
£3/ et 7134 3 A 153 T= AL 3
7180 s2327] 529 FE AP 0B
A7 A
WA F)
. TR e )
1 58 2age L g = 2016.11.30 = AR
Qepg zg O
A2l
A7 44
B FUE e
2 £35 sl 2017.06.27 | &= ARA
T asee | a9@® A P
ZA A

- 160 -



M11% 7|Ef At

A1E AF TR FAA

1. =228 ESS 2017V 5 B &3

7F QA ;20179 05€ 109 ~ 201749 05€ 129

U FHa 392 AT

ok AR &
D d=xZALESS 20179 % & st=did] IS 53 A48 A=77] dF 5 39
(2 FFZIAYETZ 201795 E &3 THIEAE o]l FEWNEZEAYIAAAY

TS T8 NTR d3E AV AAF FE B v o A

=
= =
- @sta AFTEE UTAEA ATAE olfEns 20009 Ha BE R AE

- 161 -



2. 2017 = En gt A
7F 4 A 2 20173 05€ 23¥ ~ 2017 059 269
U & g

o AlE W&
(D 2017 FERE/EHd A7he 5 A& A7 97 5% ot

(2) 2017 FERE7EUHA Fristd FEASNEA[AFADANY FIS

e SA7] AAF TR P 2HA oH HF

- Attt al At e A G A T4 W Eage] 200998 2

)

Pl

G-05 / HEAI7IMAE

- 162 -




FAFE Ay

==
T

3. 2017 #|

1501

~ 2017 09

—

142

]

W

0|

: 2017 09

7h A

Y EA I

s

<)

U, A4

o AR W&

el

b 2R A EERATE 2017

3
gl

D

w

1

Ho
=

hos
=3

s

J]

FAFE Avy AlF FERF2E )&

THET=HAES 2017 o
= EnF 7S A A LAY

==
T

s

SERR

2

- 163 -



4. 2017 #w]= CEO Zgg4l Alnvh

7h Al 2017 109 249 ~ 2017 10€ 269

U Fa o mEedE A

ok AlE W8

D

2

AU 2T WEZHATS 2017 dnE CEO A9 Ay 4L 53 gnle
Fawe 5% sof

FFAVZTAYTZAATE 2017 A0 CEO AFHA Al AF ANR~E
ol gdtel FEAE/NEAASAANY FHS Fol AT AT 247 AF Fu 2
ESUPSIOEC I

- (PEH G E G FEol A 20078 F2 BE B AlFE AH

- 164 -



5. =AY ETS] 20179 = VM St

7h LA 2017 114 01 ~ 2017 11€¥ 03¢

O

U AL olE JdE

m.u

otk AlE U
(D F=ZAYETS] 201795 7H& stetfs] FA s B A48 AS7)7] A7 5F Fot
(2 F=ZAYEFI] 201795 7S &3 TR %é% o8 FENTIEAATA LAY
FYP& Tl ML dstE FA7I Alxﬂ—*f TR 9 vz o HH
- g dAE(F) ALSAE AR 20047 F2x w2 AFE A"

207 W,

SIZE33|EStE| Sarys W
232 =0t 29t

Concrete & Culture

2017.11.13)~3(3)
Ol JMESY

- 165 -



A2d A+ A3 d=

1. 3=2EZ38 ETI 201795 7S StEth3] = 4E 4 s
AZAIFO FAg HEFIFAEF) 7IeA T4 Concrete AT FF5o2 A AME T2
g SAHLEY d3E S48V T dxH] VA dEe dsE SA 7S Al g
A5 =A7] AAZDY-2504)< ALgste] =4 A7 Hlw

Y 78 HAESFY0|0f 2|8t X% E32|E9]
HElEY golof Tet A OF

HEAAILS V@HTL CHEHIZ [a e St
oM uEM yEs BUE.  MuE

w2 2 S

[ RSl
P78 RUE GHE AL S 232 S SIS WHHO2(NO,, SCN, SO, Br B)12) WE0 28 JWAY MeE S wY
-~ M EMHE WEBE | A FH
B3R ED) WA wEA AUHET MO S0 Ok B B4 WY

n BEEH
CEHIW HYEE AMeE NUE RONE EEEY SR Tl S8 YUEE ERAEYY 8 7|2 0|23 A7 62 By
SRUE ROHE EEHEE SWr|Y S8 HUE HE

7= FOiE EzE = A woRE g S ERA Y S5
(SHEE : o 2HSeh (SHEe] My (S HYE)
B
B UE4E A SEYE
sp | WET € Han ST W ' p—
a HEIB DANSH HEUY
FE-1 55 340 At | (oI [HEHIHA)
FREE T -
mopE B - = e e b
=T | (5 |
g2 3 340 AL BEEAEYY e
- - - | = (R EciEr o XYY
“EUN RIZES AJES AHESC 87| 7Y HEYE W
< 7|E ST HE UM THE B0 ARRE= DAL M B{SH7ALE AR
NBE EHg 2| SHANEEE) § EEABEUSEIION v uE
SlETN
W 2a0= GiE =8 g
st | _wmEweem
s +E-UEHI [ spaozan | sEasEd) | sElEd)
. 1% _ 0374 . _ 0193
_ | = | 0341 . _ 0181 _
= 0297 1 e =1 Y
c 0.297 ] 0,134
. ‘HH“ -'-Fs-ﬂ EEI.El E EHEIHE!‘ A B, ) EH‘IH =xgre| @
e

W S3H2E 238 E wslg 53 30 CHER) R

- M9 olEXE HEE ABSE SRNNG Y EEAEYY tHul B2 WEHEYY SYECH

< HEE H2@ AR SEAER B BEABGHSENCG U olF QY ST SHI0 g =

cE3E|E go| Exjtle WHEQCH GF AU EE MY Hal§ MET SH7((8)7) 2| E SHINA) oY FE HS R FEIECE

i A
OYS ugAzivgs S eseuzasaan

LO540 15 BB I E M @ 2017-10-20 1903

- 166 -



1}, Proceeding Paper

AR 71 G3ESA7 0 A% SARL TAYES]
A EF Hrto ug A¥H 2@

An Experimental Study on the Evaluation of Chloride Content of
Fresh Concrete by Titration Method Based Chloride Analyzer

u ' 4 & 4™ - I I g9y & Mo g
Pk Cledl Him Deng Seuk hng Yenm Shik Yom In Jun S In Th
ABSTRACT

The standard method for measainng the asmount of chloride in comerete s complicated and has
limitabions to be evalusied indoors, Therefore, il is impossible o apply on the field In domestic,
chloride analyser using a sdeclive i elodrode having high speed and porisbility is widdy used.
However, there is a problem thatl the measuremenl scouracy is lowered due o the mflumoe of the
interfering ioms i the comorete, In this study, the accurscy of the impoved porable chlorde
analyvarr was evalualed based on the dectric quantity titratiom method, snd i1 was confirmed that
the memsurmont socuracy was high compared with selective ion cectmde type analyser.
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