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Agenda
• Return Condensate Applications: Guidelines for TOC-levels in boiler feed 

water and return condensate

• Typical analytical problems at low TOC-levels

• Different TOC-methods and their features 

• Quick-TOC-condensate features

• The advantages of gas validation

• Design of multi-stream applications 

• How to detect sample flow alarms

• How does it look like 
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TOC & Oil: ASME,VGB, EPRI, HSRG
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Typical analytical problems at low TOC levels

Contamination by CO2/CxHy from ambient 
air or carrier gas or chemicals

Validation and calibration
Response time and cycle time
Carry over effects
Recovery

Memory due to absorption and adsorption 
effects

Sensitivity / lowest detectable limit
Span drift
Zero drift
Problems

How to solve 
these problems?
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Analyser selection: What’s on the market

Questionable. 
Only high ranges

Uses a lot of acid 
and caustics

No

Yes /especially in 
caustic

No

No

Questionable

No

No

Oxidation by 
ozone hydroxyl 
radicals 

NoNoYesYes, uses a lot of 
persulphate

Oxidizers/
chemicals

Excellent and 
fastest technique

Suitable but more 
memory and 
some blind value 
effects

Questionable: 
Interference and 
high memory 
effects

Yes, but higher 
ranges and slow 
response

Suitable for 
return 
condensate

YesYesSuitableNoFast response

YesYesQuestionableNoLow carry over

No, closed loop 
injection at 0,4 
bar

PossiblePossibleQuestionableContamination by 
CO2 via ambient 
air

Yes / 100% 
guaranteed

Yes, with some 
exceptions

QuestionableNot for all 
components

High recovery

NoNoQuestionableNoInterference by 
matrix/pH

YesYesYesNoLow drift

YesYesExtremely / yesSuitableHigh sensitivity

Thermal oxidation 
– batch type
1200 °C.

Catalytical 
combustion –
batch type

UV-oxidation –
delta conductivity

UV-persulphate
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Quick-TOC-condensate features

sample

CO2 free
carrier gas

Instrument 
air (5 bar)

PSA

Mass flow 
controller

NDIR CO2 
analyser

4 °C Liquid/gas 
separator

zero air
generator  

0,4 bar

Ambient air Ambient air 
350 ppm CO2350 ppm CO2

sample loop 
400 uL
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Four 3-way valves switch simultaneously on/off. During every cycle the sample 
loop is filled with 400 micro litre of sample and then this loop content is injected 
into the 1200 °C. reactor tube where all organic carbons are completely oxidized 
to CO2.

At Low ranges we use the multi injection technique. The loop content is injected 
fast several times for one analyses result.

This animation 
shows a multi-
loop-injection 
of 3 times

Normally:Normally:
3 seconds on3 seconds on
3 seconds off3 seconds off
3 a 5 minutes cycle.3 a 5 minutes cycle.

Multi loop injection
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Thermal Oxidation & Peak Integration

auto zeroauto zeroinjectioninjection peak integration peak integration mAsecmAsec

Scale:Scale:
COCO22

00--20 20 mAmA

Scale:Scale:
secondsseconds

1200 °C oxidation

All reactor materials
are ceramic
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Why using the peak integration method

Same analyser installation (Quick-TC-loop; range 2 mg/l C.)
• Several single components  
• Result  …. different peak shapes!
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Why is the TOC zero- and span stability important?

Zero stabilityZero stability
0 mg/litre C. per year0 mg/litre C. per year

TC background due to the dosing TC background due to the dosing 
of oxygen scavenger.of oxygen scavenger.

We can check the dosing of this We can check the dosing of this 
costly chemical!costly chemical!

Peak because of a leak in a Peak because of a leak in a 
heat exchanger. Fast and heat exchanger. Fast and 

reliable!! reliable!! 

What do we observe now?What do we observe now?
Analyser zero or Analyser zero or -- span drift or an increasing level of span drift or an increasing level of 

additives or a heat exchanger leak ???additives or a heat exchanger leak ???
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Solutions

Closed loop system at 0,4 bar over 
pressure

Contamination by CO2/CxHy from ambient 
air or carrier gas or chemicals

Unique patented gas validation techniqueValidation and calibration
Complete and rapid combustion at 1200 °CResponse time and cycle time
No catalyst and 1200 °C combustionCarry over effects
At 1200 °C all TOC is combustedRecovery

All wetted parts are Inert materials and 
being flushed 

Memory due to absorption and adsorption 
effects

Multi sample loop injection (400 – 4000 ųL)Sensitivity / lowest detectable limit

Constant loop injection volume and peak 
integration

Span drift
Injection technique and auto zeroZero drift
SolutionProblems
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Calibration with wet chemical standards
How to calibrate a 200 How to calibrate a 200 μμgg/litre C. /litre C. or even more sensitive analyser? or even more sensitive analyser? 

•• Where to get blanc water?Where to get blanc water?
•• How to prepare the standard? How to prepare the standard? 
•• How clean are all the wetted parts that are used?How clean are all the wetted parts that are used?
•• How to avoid CO2 being absorbed into the wet standard? How to avoid CO2 being absorbed into the wet standard? 
•• How long can the standard be stored? How long can the standard be stored? 

That is a very important problem!!!That is a very important problem!!!

From practice: An operator told us: From practice: An operator told us: 
““My problem is not to maintain the analyser. That is easy. My proMy problem is not to maintain the analyser. That is easy. My problem is that blem is that 
when the analyser suddenly reads a high TOC the operator runs inwhen the analyser suddenly reads a high TOC the operator runs in and tells me and tells me 
my analyser is not analysing correctly and that he is loosing exmy analyser is not analysing correctly and that he is loosing expensive steam for pensive steam for 
no reason. How can I no reason. How can I prove him fast and accurateprove him fast and accurate that it is not the analyser but that it is not the analyser but 
the contaminated steam causing the high TOCthe contaminated steam causing the high TOC--reading?reading?””..
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Validation procedure using calibration gas

GAS:

CO2 or 
CH4 in 

N2

CO2 free
carrier gas

Instrument 
air (5 bar)

PSA

Mass flow 
controller

NDIR CO2 
analyser

4 °C Liquid/gas 
separator

zero air
generator  

0,4 bar

THE LOOP IS THE LOOP IS 
FILLED WITH A FILLED WITH A 
CALIBRATION CALIBRATION 

GASGAS

sample loop 
400 uL
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Validation procedure using calibration gas
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Validation procedure using calibration gas

450 ppm carbon dioxide in 
nitrogen (CO2 in N2)
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Validation procedure using calibration gas

450 ppm methane in 
nitrogen (CH4 in N2)
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Why using a multi stream TOC-analyser

Return
conden-

sate 
stream 1

Return
conden-

sate 
stream 2

Return
conden-

sate 
stream 3

boiler

Plant 
control

Stream
 selector

BB

V2V2

VmVm

V3V3V1V1
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Stream selectors: 3-way valve system

Advantages:Advantages:

•• Low memory effects. All wetted parts are Low memory effects. All wetted parts are 
continuous flushed with a flow of ~500 continuous flushed with a flow of ~500 
ml/min. ml/min. 

•• Closed system. No contamination by Closed system. No contamination by 
CO2 from ambient.CO2 from ambient.

Disadvantages:Disadvantages:

•• Risk of sample leakage in the analyser.Risk of sample leakage in the analyser.

•• Sample should be delivered at constant Sample should be delivered at constant 
conditions (flow/pressure)conditions (flow/pressure)

Diameter manifold bores and orifices Diameter manifold bores and orifices 
typically > 4 mmtypically > 4 mm

Water Coolers Water Coolers 
500 cc/min.500 cc/min.
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Stream selectors: 2-way valve system
Advantages:Advantages:

•• Reduced risk of leakage of sample into the Reduced risk of leakage of sample into the 
analyser itself.analyser itself.

•• If sample delivery is not constant (pressure If sample delivery is not constant (pressure 
dips) then still some buffer of sample in dips) then still some buffer of sample in 
overflow cups.overflow cups.

Disadvantages:Disadvantages:

•• Memory effects due to: dead volumes, Memory effects due to: dead volumes, 
independent sample tubes that are not independent sample tubes that are not 
continuous flushed, low flow trough the continuous flushed, low flow trough the 
wetted parts (50 ml/min).wetted parts (50 ml/min).

Diameter manifold bores and orifices Diameter manifold bores and orifices 
typically < 1,5 mmtypically < 1,5 mm

Water Coolers Water Coolers 
500 cc/min.500 cc/min.
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Design & construction of the manifold
Material of manifold and valves:Material of manifold and valves:

•• Inert: PEEK, Teflon (FEP),Inert: PEEK, Teflon (FEP), VitonViton

•• Can handle high temperatures and Can handle high temperatures and is is chemical chemical 
resistantresistant

22--way valves (low flow):way valves (low flow):

•• Small/no (dead) volumes, Small/no (dead) volumes, 

•• Bore holes < 1,5 mm Bore holes < 1,5 mm 

•• Valve orifice < 1,5 mmValve orifice < 1,5 mm

33--way valves (high volume):way valves (high volume):

•• Avoid dead volumesAvoid dead volumes

•• Bore holes ~4 mmBore holes ~4 mm

•• Valve orifices ~2 Valve orifices ~2 –– 3 mm3 mm

Manifold location: 
integrated and as 

close as possible to 
the injection system
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Controller

Analysed TOC-value

TOC outputs
Sample & Hold

Remote control:
Stream selection

Synchronisation Controller

Control of 
Stream selector

HMI
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Overflow cups & Flow alarms

Design and construction:Design and construction:

Features:Features:

•• Temperature up to 70 degree CelsiusTemperature up to 70 degree Celsius

•• Easy integration of standard capacitive level sensorEasy integration of standard capacitive level sensor

•• Easy to mount a row of overflow cups on a panel  Easy to mount a row of overflow cups on a panel  
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Overflow cups & Flow alarms
How it works:How it works:

•• If there is no sample flow, then the analyser will If there is no sample flow, then the analyser will 
slowly empty the overflow cup. The level sensor slowly empty the overflow cup. The level sensor 
will alarm a too low level.will alarm a too low level.

•• The level will reach the alarm level after 1 to 5 The level will reach the alarm level after 1 to 5 
analyses cycles (sample suctions). This depends analyses cycles (sample suctions). This depends 
on the vertical mounting position of the cup in the on the vertical mounting position of the cup in the 
holder/clamp.holder/clamp.

•• The advantage is that no false flow alarm will be The advantage is that no false flow alarm will be 
generated when the sample flow fluctuates. This is generated when the sample flow fluctuates. This is 
an advantage versus a standard an advantage versus a standard rotarota--flow meter flow meter 
with alarm indicator.with alarm indicator.
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How does that look like

Stream selector 
and manifold

Bottle for wet 
standard or grab 
sample

Inlet for gas 
validation

The display shows 
the stream being 
analysed and also 
the stream that are 
enabled.  
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Thanks for your attention?

BackBack--up team up team …… the guy Ithe guy I’’m looking for is always missing (12 or 13). m looking for is always missing (12 or 13). 
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If any questions remain:

Contact:
ODS Sampling & Analytical Systems
www.ods-analytical-systems.com or
www.ods-instrumentatie.nl
www.ods-instrumentatie.be
Phone: +31180640879

Send your enquiry to:
ODS BV
Department: Analytical Systems
P.O. Box 69
2990 AB Barendrecht
The Netherlands

http://www.ods-analytical-systems.com
http://www.ods-instrumentatie.nl
http://www.ods-instrumentatie.be

