he composition of the fur

nace atmosphere is constantly

changing, so we must use mea-

surement and control devices to
ensure good quality control. In particular,
for atmospheres designed to run “neutral,”
avoiding decarburization and/or carburiza-
tion is critical to the proper functionality
of the component. This is accomplished
by making sure that one or several of the
following control methods is monitoring
and/or controlling the process:

¢ Dew point analysis

e Infrared analyzer (single- or multiple-
gas analyzers)

e Oxygen (carbon) probe

The trend today is to use multiple mea-
surement tools to obtain the most accurate
snapshot of the atmosphere in real time.

tire cycle it is critical to the process that
we control the percentage of carbon diox-
ide, oxygen and water vapor and the ratio
of enriching gas (or air) to carrier gas. For
example, surface carbon can be controlled
within +0.10% by measuring one or more
of these constituents.

Dew Point Control

Dew point is defined as the temperature
at which water vapor starts to condense.
In simplest terms, a dew point analyzer
measures the amount of water vapor pres-
ent in the furnace atmosphere (Table 1).
This information can then be used to de-
termine the carbon potential of the atmo-
sphere (Table 2). It is considered an indi-
rect measurement technique if it involves
pulling a gas sample from the furnace into

FEATURE | Process
Control & Instrumentatlon

the instrument.

If performed properly, dew point is a
simple and accurate atmosphere measure-
ment technique and indicates the condi-
tion inside the atmosphere generator or
heat-treat furnace. It will tell you if the re-
action is stable or unstable (constant dew
point or changing dew point over time). It
can tell you when the catalyst bed in your
endothermic gas generator is starting to
soot and if there is a water leak, an air leak
or non-uniformity (“breathing”) of the at-
mosphere inside your furnace.

The types of dew point analyzers avail-
able include capacitance sensors, chilled
mirrors and fog chambers (Alnor®, dew
cup). Condensation is a problem for all dew
point devices if the sample temperature is
less than the dew point of the gas. One

CHILLED ENDO—==§

GENERATOR MANIFOLD
3 —=— ENDO TO FURNACE

5AMPLE¢

Whether neutral or case hardening, a FILTERED SAMPLE
OR BURNOFF AIR

REFERENCE AIR—e——

number of variables determine how well a

furnace does its job. Throughout the en-

ENLARGED VIEW OF
GENERATOR INSTALLATION

=N
o T o sacno t

+25 (-4) 4320 Lﬁ Jp

0 (-18) 1,240 CONTROL OUTPUTS
-40 (-40) 127 5

-90 (-68) 3.4 DESIGNED AND ENGINEERED AR R

SUPER SYSTEMS INC.
WWW.SUpersystems.com

Note: 1.04% moisture = 10,590 ppm water
vapor = +46°F dew point

CARBURETOR!

able De po ace carbo 0 (MIXING VALVE)

Dew Point, °F(°C) | 1500°F | 1600°F | 1700°F TO RETORT AEAS TG D
+30 (-1.1) 110 | 080 | 055 SAMPLING AND CONTROL SYSTEM WITH CONDITIONING.
+40 (4.4) 0.85 0.60 0.40 X R

Fig. 1. Endothermic generator dew point control scheme via oxygen probe
+50 (10) 0.60 0.40 0.27 (Courtesy of Super Systems, Inc.)
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solution is to heat trace the sample lines.

If the ambient temperature exceeds 105°F

Constituent 15T Quarter 2" Quarter 31 Quarter 4" Quarter
(as it often does in heat-treat shops), the
. . . . % CO 19.02 19.66 19.32 19.21
instruments will not give accurate readings
unless special precautions are taken. Dew % €O, 0.260 0.252 0.254 0.257
point control can also be measured using % CH, 0.07 0.08 0.09 0.09
an oxygen-probe arrangement (Fig. 1). Generator Dew Point, °F +39 +39 +40 +39
Dew Point at Furnace Inlet, °F +37 +38 +38 +38
Infrared Control Zonal Dew Point (Z1-24), °F31 | 440 to +42 +40 t0 +42 +40 to +42 +40 to +42

Infrared analysis uses the infrared spec- -
Notes: [1] 3,000 CFH (85 m®/hour) output; [2] Natural gas feedstock; [3] Neutral hardening

trum (light, for example, is in the middle
of the spectrum in the “visible” range)

to analyze a gas sample and determine swrieas

the percentage of that constituent in the | B0

furnace atmosphere. Single-gas (carbon H = ﬂ

] :H/—_- SAMPLE GAS

VESTIBULE, FAN
IN-OUT, BATCH
ATMOSPHERE
FURNACE.

monoxide) or multiple-gas (carbon diox-

INNER DOOR

ide, carbon monoxide, methane) analyzers

TRIM GAS TRIMAIR
FLOMETER FLOMETER

detect the presence of these gases in the

-TIME PROPORTIONING,
furnace atmosphere. ROl Gt
QUENCH

o

The amount of carbon dioxide in the

120VAC fe ) SAMPLE GAS

furnace is another indirect way of mea-

suring the carbon potential of the atmo- DESIGNED AND ENGINEERED

SUPER SYSTEMS INC.
WWW.supersystems.com

sphere.
. FURNACE CONTROL SYSTEM
Today, three-gas infrared analyzers are WITH NDIR GAS ANALYSIS

used to monitor the carbon monoxide, car-

bon dioxide and methane contents of gen-
erators (Table 3) and furnaces (Fig. 2). In-
dividual gases absorb infrared radiation of Fig. 2. Furnace infrared (three-gas) control scheme (Courtesy of Super Systems, Inc.)

NDIR GAS ANALYZER

very specific wavelengths. The amount of

absorption increases with gas concentra-

DOOR SWITCH RELAY CONTACT SAMPLE GAS

tion. The unit operates under the principle H | | el
] J \‘ DESIGNED AND ENGINEERED
that a gas sample passes through a cell ——— J i e svSTs e
. o O
where a heated wire emits infrared energy o () e o R
FURNACE INNER DOOR T
of known wavelength. The sensor converts | [

TIMEPROPORTIONING,
% PID CONTROL OUTPUT
FORSC CONTROL.

120vAC

measured infrared energy into an electrical i
=

signal. These values are usually compared

'DOOR SWITCH RELAY CONTACT

BURNOFF AR

I@l SAMPLEGAS

to the values obtained with a reference gas.

REF AR

Infrared analyzers are known for their fast

ENLARGED VIEW OF
FURNACE INSTALLATION.

response and are easily calibrated.

- TUBING

CoLDZRceE CONTROL SYSTEM
BURNOFF SYSTEM
SENSOR CABLE AND NDIR GAS ANALYZER

i)

Oxygen-Probe Control
The oxygen (or carbon) probe is an in-situ

I COMPFITTING
COUPLING, 17 NPT
T WELD

device that looks similar to a thermocouple

FURNACE/ GOLD PROBE, CONDITIONING AND

for measuring temperature and typically % C CONTROL SYSTEM WITH NDIR GAS ANALYSIS

sits inside the furnace, inside the genera-

tor above the catalyst bed or i t
or above the c.a ays 'e or i & separate Fig. 3. Combination furnace oxygen-probe and infrared control (Courtesy of Super Systems, Inc.)
heated “well” into which the furnace at-

mosphere is pumped. In whatever loca- Table 4. Control settings — mesh-belt conveyor furnace

tion, the oxygen probe measures changes Steel Process Setpoint Values (Oxygen Probe), %C | Actual Values (Oxygen Probe), %C
in the furnace atmosphere. A difference —

. . . 10B21 Carbonitriding 1.05 0.69-0.83

in partial pressure of oxygen in the fur- :

nace atmosphere and the partial pressure 1033 | Neutral hardsning 0.38 Bt

48 December 2009 - IndustrialHeating.com



of oxygen in the room air induces a volt
age — electromotive force, or EMF — across
the electrodes in the probe. At any given
temperature, there is a known relationship
between the voltage output and the oxy-
gen potential of the atmosphere. The oxy-
gen potential can be directly related to the
carbon potential. Therefore, the carbon
potential of the furnace atmosphere can
be controlled by monitoring the furnace
temperature and the probe output.

The oxygen probe uses a conductive
ceramic sensor manufactured from zirco-
nium oxide (Zr,O;) that can be mounted
in-situ inside the furnace (Fig. 3). Oper-
ating range is between 1200°F (650°C)
and 1800°F (980°C). Oxygen probes can
be used for a variety of gases, but they
need to be calibrated for the specific at-
mosphere used. They are fast-response
devices and subject to contamination by
carbon or zinc. When used in carbonitrid-
ing applications, the presence of ammonia
will shorten the life of the probe.

Typical oxygen-probe data for a mesh-
belt conveyor furnace (Table 4) running
at the rate of 4,000 pounds/hour (1,815
kg/hour) shows deviations from setpoint
values due to non-equilibrium conditions
present within the furnace.

Important Cautions

In more than one instance, data was be-
ing analyzed and adjustments made based
on improper sample-port locations, in-
strumentation that was not properly cali-
brated and/or sample ports not extending
fully into the furnace chamber. Mistakes
such as these can be devastating to both
equipment and part quality. IH
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