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'02 em H2 Seguanc;a do Processo
O2 em Cl2-Qualidade do Produto

Analisador a laser

AResposta Rapida- <2 Segundos
AEstavel- Calibrac&o Anual

AResistente- Sem contato com
amostra

Aln Situ - Sem contato com amostra
APouca manutencio
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H2 em CI2 Qualldade do Produto

AH2 +CI2 = 2HCI, 2HCI/2 = H2
AEstavel- interferencia cruzada =0

AResistente-@ contato com amostra-
celula de Hastelloy

AResposta Rapida-Melhor do que com
TC (termocondutividade)
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A INHA APPLITEK- analisadores diversos de gases e liquidos
A\nalisadores de Oxigenio

Analisadores de diversos gases em Processo e CEMS
Ainalisadores de umidade (dew point)

Analisadores de Combust&o

Metectores fixos e portateis de cloro para protecdo da area
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on-line Total Ammonia [ ammonia (NHj;) + monochloramine (NH,CIl) +

dichloramine (NHCI )] in Ultra - Purified brine
A Early Warning

A Prevent formation of nitrogen trichloride (NCI,)

@ A Avoid nitrogen trichloride (NCI;) explosion N
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TON| @ special (Total = Ammonia) = gn-line Total Ammonia — [ ammonia- (NH;) + monochloramine

(NH,CIl) + dichloramine - (NHCI,)] in Ultra -Purified - brine %

WHY 7? GEARLY WARNING:
Prevent formation of Nitrogen trichloride ~ (NCI;) | avoid explosion

A Most Chlorine (Cl,) is produced by electrolysis of brine generated by dissolving Sodium
Chloride (NaCl) or Potassium Chloride (KCI) in water (H,O). Side reactions with the Nitrogen
impurities in the salt can lead to the formation of Nitrogen trichloride (NCIl;) during the
Chlorine process.

A Nitrogen compounds present in the BRINE are the main source for the formation of
Nitrogen trichloride (NCI,).

A In certain parts of the Chlorine production, the Chlorine is either liquefied or evaporated.
Due to its lower volatility, the NCIl; accumulates in liquid Chlorine.

A Traces of Ammonia (NH,) and other Nitrogen compounds in BRINE can produce NCl; in
Chlorine.
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TON| @ special (Total = Ammonia) = gn-line Total Ammonia — [ ammonia- (NH;) + monochloramine
(NH,CIl) + dichloramine - (NHCI,)] in Ultra -Purified - brine

WHY ? GEARLY WARNING:
Prevent formation of Nitrogen trichloride  (NClI;) | avoid explosion

Prevention of Nitrogen trichloride (NCl;) formation:
A Approximately 25% of Nitrogen trichloride (NCl,) formed in cells enters the chlorine process
A Ammonia in cell feed brine is the major source

Learning from incidents:

Nitrogen trichlorinde incident @ Orica, Yarraville i 30 July 1998 (;,

One of the conclusions after investigation was: finaccurate method and inadequate frequency of analysis
forammoniainb r i ne o

(nfi Man agiRisky Nitrogen Trichloride 0 by Shane Fast - Vice President The Chlorine
Institute @ the WORLDchlorine councill meeting .

N-compounds  + Cl s A NCls
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TON| @ special (Total = Ammonia) = gn-line Total Ammonia — [ ammonia- (NH;) + monochloramine

(NH,CIl) + dichloramine - (NHCI,)] in Ultra -Purified - brine ég
HOW ?

Measuring Principle TONI® srecig, CigERINTORE, ——
by Colorimetric analysis (Adapted Berthelot @M L GDw
method conform ASTM 4500-NH; F) [sou] [0
To determine the total amount of NH; NH,Cl and ,:s_nzm ] SiZe 17
NHCI, NH,CI and NHCI, A A
they have to be converted to NH; This is done by [ | [amaney
adding thiosulphate. pe VL -
ii 17 8 ”
Reactions: | || - | RINSE
4 NH,CI + Na,S,0;+5H,0 Y 2  Nta4MB.G- 4 HCI P
2 NHCI, + Na,S,0.+5H,0Y 2 Na#esie +aHc L 20 l O
JAMPLE CLEAN | DRAIN

iuTion | LIOPTIONAY |




s

. W RLD chlorine council

Yl

rkshop: Process-SafetyiManagement (PSM)

_—

AppliTek &:f

I 4 _.4' " y # ! . :
‘ w " ”l . © CDB 2014AppliTek Nov. 14 12014 Hiton i S&o Paulo Brazil www.applitek.com

The content of this page/document is entirely a Arinding external opinion. NeithekppliTekNV nor any of its employees can be held liable for damages to people, third parties, goods and assets, that may resplefranting the content

TONI ® special = (Total = Ammonia) ~ gn-line Total Ammonia — [ ammonia
(NH,CIl) + dichloramine - (NHCI,)] in Ultra -Purified - brine

(NH3) + monochloramine

HOW ?
Measuring Principle TONI|® special (Total Ammonia)

A injection of BRINE sample in analyzer

A addition of buffer A  Alkaline
A Initial absorbance value is measured at (I ) 630 nm (ABS 1)
A addition of color solution

A Final Absorbance value is measured at (I ) 630 nm (ABS 2)
= molar absorptivity (I . cm-1. mol-1)

path length (cm)

= concentration (mol/liter)

AT
I

Acal cul ation of resul tA'BSLa:mb[erv-‘
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TON| @ special (Total = Ammonia) = gn-line Total Ammonia — [ ammonia- (NH;) + monochloramine
(NH,CIl) + dichloramine - (NHCI,)] in Ultra -Purified - brine

HOW ?

methodoloqy: colorimetric measurement using
adapted Berthelot method

conforms to: ASTM 4500-NH; F
2 ep- 630 nm
range: 0 -2 mg/l NH,
(0 - 10 mg/l NH; by Sample dilution) ~0T 50 mg/l N-NH,
higher range by Sample dilution”

detection limit: -1 mg/l NH,)
precision: < 2% full scale range for standard test solutions
cycle time: 1 cycle/25 minutes

stream selection: 1 stream (up to 3 streams optional)
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TON| @ special (Total = Ammonia) = gn-line Total Ammonia — [ ammonia- (NH;) + monochloramine
(NHZCI) o dlchloramlne (NHCI ;)] in Ultra - Purified - brine

AnaShell ©® protective shelter

Including single stream
TONI 1® Special (Total Ammonia)

in Ultra-purified brine
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Early Warning !

 Plant SAFETY
——= Critical Equipment

HYDROGEN
NO SMOKING

NO OPEN
FLAME

Cj]

Explosion risk
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Vacuum

Raw Saturated Brine

e A

EARLY WARNING hydrogen detection <£-5==%
PROTECT your Chlorine Plant against hydrogen
Explosion p—

FAST h yd r
by muItTwa

HYDROGEN
NO SMOKING
NO OPEN

oﬁhe (Ch)as
ARE 1
< 30 conds
response t time

jen (©y)in WET.chIorlne (Cl)

N,
Water Q sodium carbonate (Na,CO3) Filtration Aid

hydroxides (NaOH)

on-line FAST determination of hydrogen (H2) in WET chlorine (Cl;) by
Multi-Wavelength Infra

Further Chlorine
Processing

Return Brine or Depleted Brine HYDROGEN
PURIFICATION

. WET chlorine hydrogen
Chemicals (Cl) (H,)

v

Ch,

Re-Generation

Depleted
Brine

Re-Generation
Chemicals

cathode

Saturated

Ultra-Purified Brine .
Brine
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A Field Proven Technology
A FAST Response (T90 = 15 seconds)
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HYDROGEN
NO SMOKING

NO OPEN
FLAME

he content of this page/document is entirely a Aminding external opinion. NeithekppliTekNV nor any of its employees can be held liable for damages to people, third parties, goods and assets, that may resplefranting the content

Misconceptions !

4 Plant SAFETY
F—= Critical Equipment

Explosion risk

Hindenburg disaster

A hydrogen is a light gas  p——) M
A hydrogen is not an hydrocarbon == M

one of your ONLY protections is to have an
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on-line analyzer system for the FAST determination of hydrogen (Hz) in WET chlorine (Cl»)

=FAST

hydrogen Is not waiting to ignite until you
are ready with analysis !!!
Every second counts !!!

Response time of < 35 seconds T90
Do not install an analyzer systems that needs minutes to show results
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presented by Jean-Pol Debelle (Technical Director Eurochlor)

@ WCC Global Safety Team meeting in Dubai, UAE
October 24t 2013

The 10 WCC Cardinal Rules

Remain in safe concentration range for hydrogen in chlorine
Use titanium only with wet enough chlorine
Insure low moisture content for dry chlorine handling and uses

Control chlorine maximum temperature to avoid iron fire

1.

2.

3.

4.

5. Avoid contact between chlorine and organics

6. Avoid formation/concentration of nitrogen trichloride
7. Write operating procedures/Manage the changes

8. Insure sufficient training/information of all personnel
9. Prepare and test emergency response plans

10. Do not forget incidents investigation and experience sharing

—— -
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W RLD chlorine council® presented by Jean-Pol Debelle (Technical Director Eurochlor)
@ WCC Global Safety Team meeting in Dubai, UAE

October 24t 2013
Remain in safe concentration range for
hydrogen in chlorine

=  Explosion risk if hydrogen concentration in chlorine

between about 4 and 93 % (precise values vary in function
of pressure, temperature, presence of other constituents ...)

=  Additionally to preventative actions, monitoring (on-line
analysers) is mandatory:
« Some hydrogen is produced in the cells, but quantity can

increase (bad brine quality) and there can be some mixing with
chlorine (damaged membrane or diaphragm ...)

« concentration of hydrogen increases also when chlorine is
liquefied ...

* Hydrogen can also be produced downstream, by steel
corrosion ...
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@ HYDROGEN

{ Plant SAFETY
Critical Equipment

NO SMOKING
NO OPEN
FLAME

Membrane type Chlorine Production

Power Supply

Anode

Cathode

S

Hydrogen gas {Ha)

Z2H;0 + 2 — H; + 20H" |
. . {This reaction happens at the cathode) E
on-line Hz in WET Cl2 / ,
LKL 339 Caustic t

soda (NaOH)

Depleted brine
22 22 2> 2> b

B

20 —>»Cl; + 2e
{This reaction happens

at the anode) ‘_—"“"-——-_____

Saturated brine
{H:0 & MaCl)

F
©

33% Caustic soda (NaOH)

2> 2> 2>

Cathode

L £ {C £ 2>

>22>

Diluted brine
(H:0 & NaCl)

N |

30% Caustic

Mon-permeable

soda (MalH)

Diluted caustic soda (MaCH)

ion exchangs membrane

Pure wiater
{H)

v e

- -—

AnCourtesy

oCGhlot feéderatiBry www.eurochlor.org "
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Protect Your plant against HYDROGEN Explosions

WHY ?

typical gas - matrix @ wet chlorine header electrolysis cells:

Gas Chlorine
Cell gas
Chlorine 31%vol
Hydrogen 0.2%Vo!
Water vapor 68.2%"°
Inerts 0.6%"°!

by volume %

Hydrogen ¢ Chlorine
mixture can be
flammable if
Hydrogen
concentration

>3- 4%vol

Hydrogen i Chlorine mixture can be flammable if Hydrogen > 4% (v/v)

temperature:

initial pressure:

DANCER

HYDROGEN
NO SMOKING

NO OPEN
FLAME

110AC / 2304

1 bar/ 15psi
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Protect Your plant against HYDROGEN Explosions

HYDROGEN

Hydrogen T Chlorine mixture can be flammable if Hydrogen > 4% (v/v)

typical chlorine gas travel time = 2,5min

NO SMOKING
NO OPEN
FLAME

(DANGER>
®

WHY ? Gas chlorine cell gas | outlet compressor | 50% liguefaction | 90% liquefaction
g P q q
Chlorine 31%v° 97,5%v° 48.7%"°! 9.7%V°
Hydrogen 0.2%v0l ——> 0.6%v° ———> 1.2%vol ——> 50vol [T
water vapor 68.2%"° - - -
Inerts 0.6%"°! 1.9%"°! 50.1%° 85.3%"°
[ REMARK Liquefaction is a Dynamic 4 @ @ @ @ @
process . Dry Air, Nitrogen or even in > b o =
some cases CQ are injected to keep the 5 DRYER S 0 0 = Q 0 =
mixture  H, 7 Cl, outside the flammable removal of water vapor " Clz gas condensed = Cl; gas condensed -
limits \ / to Liquid Chlorine to Liquid Chlorine \ /
Double Double system for Safgety

on-line H2 in WET ClI>

system for Safety

on-line H2 in DRY Cl>

on-line H2 in DRY Cl>
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by Gas-Chromatograph
(GC)

D Discontinuous measurement

D Long analysis time (several min.!)

D Can only be used for Quality Control
D Cannot be used for Process Control
D Cannot be used for SAFETY

D Complex Technology

D High Maintenance

D Low Up-time

it
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UV light
NN
H,+Cl, ——> 2HCI

differential measurement

a&Delta TC before - and after
oxidation by UV

UV ri :—;37575

D Not Selective measurement for H,
D Calibration_Matrix - dependable

D Does not react first 6 i- 12 min. after
Plant Start-up

D Cannot be used for SAFETY during
Plant Start-up
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UV light
NN
H,+Cl, C——)> 2HCI

H, and Cl, is oxidized by UV to HCI
HCl is measured by MW-IR
% HCI stoechiometrically equal to H,

5
(3(0

{
-
-

-

Ccl

C Selective measurement for H,
C cCalibration Matrix - independable
C Fast Response (T90 < 20 seconds)

C Shows Good resul