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Safe Firing of Black Liquor in Black Liquor Recovery Boilers

When both refractometers are in service, the requirement for an automatic black liquor
diversion can be satisfied by either of the following options:

1. If either refractometer reads dissolved solids content 58% or below, an automatic
black liquor diversion must take place.

2. When both refractometers read dissolved solids content 58% or below, an
automatic black liquor diversion must take place.

Either option is satisfactory.

K-Patents Digital Divert Control System DD-01: The rules are listed in decreasing order
of security. Only the Rule 1 satisfies the high safety requirements set by BLRBAC,
August 1982. On the other hand, the probability of false trips decreases with decreasing
safety. It means that, if false trips are too frequent, the Rule 2 may be preferred at the
cost of safety. The Rule 2 has later been accepted by BLRBAC.

A third conceivable alternative is to base the decision on only one refractometer (the
master) and use the other refractometer (the slave) for comparison only (and difference
alarm). Concerning security and false trips, this rule is a compromise between rules 1
and 2.

Note. If only one refractometer is in the service, removing is prevented in the
K-Patents Divert Control System (for the sake of maximizing the operational safety).

The divert decision rule is selected by the switch SW on the K-Patents Digital Divert
Control Unit DD-01

Switch SW Rule
SW1 | SW2
OFF | OFF | One-of-two (BLRBAC) Rule 1
ON OFF | A master, B slave -
OFF ON | B master, A slave -
ON ON | Two-of-Two Rule 2

Table. Divert decision rule selection in the K-Patents Divert Control Unit DD-01

If the instrument readings disagree on the percent solids by 2% absolute value, an audible
and visual alarm must be given.

If a difference of 2% solids (absolute value) or greater exists between refractometer
readings, an alarm shall be activated in the K-Patents Divert Control Unit DD-01
The alarm limit 2% can be changed from the keyboard.

Note. If the two refractometers have different limit values, the lower value is used by
alarm system.

Note. K-Patents comments are printed in italics
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K-Patents Divert Control Unit DD-01 is equipped with relay output for audible signal.
ONLY ONE REFRACTOMETER IN OPERATION:

When only one instrument is IN OPERATION the diversion takes place if this instrument
reads 58 % or below.

NO REFRACTOMETER IN OPERATION:

If both instruments are out of operation (due to malfunction or maintenance), then
according to BLRBAC diversion must take place.

If one refractometer fails, or is removed from service, black liquor diversion must then be
controlled by the remaining in-service instrument; and if this remaining instrument reads
58% or below solids, an automatic black liquor diversion must take place. Black liquor
shall not be fired if neither refractometer is in service.

The refractometers should be part of a specifically integrated system adapted to the black
liquor service, and include a system to monitor their operation and indicate trouble or
failure of the individual refractometer.

K-Patents Divert Control Unit DD-01 is an integrated system adapted to monitor the
refractometer operation and indicate trouble or failure of the individual refractometer.
Operator s panel with functions of the divert control unit are LED indicated.

1. Black liguor SOLIDS WARNING (at 60%), Black liquor SOLIDS ALARM (below 58%),
Refractometer reading more than 2% absolute difference, and Refractometer
malfunction).

2. Each refractometer A and B has an OPERATING green light, A refractometer will
influence the divert decision only when the green OPERATING light is on. A
malfunctioning refractometer is automatically taken out of operation.

3. One green indicator light SAFE% SOLIDS, based on the two refractometers and the
divert decision rules.

4. A red OVERRIDE warning light is on always if the override switch is switched on.

5. One red DIVERT light that will be switched on when the SAFE% SOLIDS goes off.
The DIVERT light indicates divert status of the divert relay.

6. Two indicator lights for the divert valve status. TO BY-PASS/TO BURNER from
microswitches on the valve. For intermediate valve positions both lights are off.

7. A lockable Override/Automatic divert switch
8. A DIVERT RESET push-button.

9. An EMERGENCY DIVERT push-button.
10. A light test button switches all 11 lights on.

11. An alarm reset button resets the alarm lights.

Note. K-Patents comments are printed in italics
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Refractometers used without such a monitoring system can fail unsafe and can give
improper and unsafe dissolved solids readings under certain conditions.

4.2 Refractometer Control System Functions
The refractometer control system shall be capable of performing the following functions:

1. Monitor the positive (+) and negative (-) supply voltage of each refractometer
independently. The refractometer’s supply voltage shall be maintained within the
predetermined minimum and maximum limits for safe operation.

Each K-Patents Digital Process Refractometer monitors the supply voltage
independently. Monitoring is a part of K-Patents built-in multidiagnostics.

2. Monitor the lamp voltage or lamp output of each refractometer independently.
The refractometers lamp voltage must be within the predetermined minimum and
maximum limits for safe operation.

Each K-Patents Digital Process Refractometer monitors the light source (Light Emitting
Diode) intensity. (Intensity monitoring gives better diagnostics, than only voltage control).
The intensity monitoring is a part of built-in multidiagnostics. The monitoring is not only
limited to checking the light source, but also extended to cover complete light path from
the light source to the optical image detector. Even the sharpness of the image is
monitored. The complete light path monitoring is possible due to digital information
handling in the sensor.

3. Monitor the signal amplitude (if chopper circuit devices are used) of each
refractometer independently. Each refractometer § signal amplitude must be
maintained within the predetermined minimum and maximum limits for safe
operation.

The requirement applies to old analog refractometers, which use chopper motor.
The requirement is not applicable to K-Patents Process Refractometers

4. Monitor the liquor temperature at each refractometer s sensing head
independently assuring that each refractometer § liquor temperature is within the
predetermined minimum and maximum limits for safe operation.

Each K-Patents Digital Process Refractometer s sensing head monitors not only the
liquor temperature, but also the temperature of the electronics by separate board
mounted sensor. Moreover a board-mounted sensor monitors the internal humidity of the
sensor head. Minimum and maximum limits for safe operation can be set in the K-
Patents Refractometer. Monitoring is a part of K-Patents built-in multidiagnostics

Note. K-Patents comments are printed in italics
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5. Monitor the automatic prism cleaning timer system of each refractometer. The
sensor output circuit, prior to the hold circuit, should go negative or adequately
decrease during the purge cycle.

Each K-Patents Digital Process Refractometer monitors the measurement signal from
the optical image detector. Diagnostics of the optical image are not limited to monitoring
output signal prior to hold (as in analog refractometers), but the complete optical image
is verified during the wash cycle. Alarm limits can be set if the image indicates that prism
is not completely clean during a wash cycle. Monitoring is a part of K-Patents built-in
multidiagnostics.

6. Monitor the automatic prism cleaning timer system to assure that the purge occurs
within the predetermined time.

K-Patents Digital Divert Control Unit DD-01 monitors that the purge occurs within the
predetermined time in the each refractometer. The Divert Control Unit synchronizes
purges in each refractometer preventing purging of both refractometers simultaneously.
Monitoring is a part of K-Patents built-in multidiagnostics

7. Monitor the cooling water to each refractometer sensing head to assure that
cooling water is not lost to a sensing head.
If any of these malfunctions (Items 1 through 7) occur, the following action shall
be initiated:

a) An alarm shall be activated, identifying the refractometer and circuit at
fault.

K-Patents Digital Divert Control Unit DD-01 activates an alarm, identifying the
refractometer and circuit at fault.

b) The refractometer shall be electrically removed from the refractometer
control system.

K-Patents Digital Divert Control Unit DD-01 electrically removes the refractometer from
the divert control

¢) The remaining good refractometer shall remain in service.

K-Patents Digital Divert Control Unit DD-01 keeps the good refractometer in service.

Note. K-Patents comments are printed in italics
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8. Compare the refractometer meter outputs. If a difference of 2% (absolute value)
solids or greater exists between refractometer readings, an alarm shall be
activated.

K-Patents Digital Divert Control Unit DD-01 will monitor each refractometer solids
readings. If the absolute difference is 2% or greater, K-Patents Digital Divert Control Unit
DD-01 will activate an alarm.

Note: The absolute difference can also be configured less than 2% in K-Patents Digital
Divert Control System.

9. Performs a black liquor diversion, if one refractometer is removed from service or
fails in prism wash, and the remaining refractometer fails or reads a solids of 58%
or less.

K-Patents Digital Divert Control Unit DD-01 will perform a black liquor diversion, if one
refractometer is removed from service or fails in prism wash, and the remaining
refractometer fails or reads a solids of 58 % or less.

Note: The solids level can also be configured higher than 58% in K-Patents Digital Divert
Control System. This is feasible for mills, which operate with higher solids level.

10. Monitor all cables from the refractometer and the components of the control
system. If any cable is cut or removed, an alarm shall be activated.

K-Patents Digital Divert Control Unit DD-01 monitors all cables from the refractometer

and the components of the control system. If any cable is cut or removed

K-Patents Digital Divert Control Unit DD-01 activates an alarm. All communications are
RS-485, monitoring not only check cables, but also that the digital signals are correct.

(Check-sum).

11. Provide primary alarm or diversion functions by a means other than the
refractometer indicating meter’'s contacts.

The primary alarm and diversion function is provided in K-Patents Digital Divert Control
Unit DD-01.

12. Have the capability to allow the manual removal of either refractometer from
service retaining the remaining refractometer in full service for diversion
purposes.

Each K-Patents Digital Process Refractometer can be manually removed and restored
from the divert control by pushing Remove from Divert Control button in the
refractometer and restored by pushing Restore to Divert Control button in the
refractometer.

Note. K-Patents comments are printed in italics



BLRBAC RECOMMENDED GOOD PRACTICE
Safe Firing of Black Liquor in Black Liquor Recovery Boilers

13. Require a manual reset following a black liquor diversion or malfunction of the
refractometer control system.

K-Patents Digital Divert Control Unit DD-01 has a manual reset button. The manual reset
button resets the status after a black liquor diversion or malfunction of the refractometer
control system

14, Monitor the position of the sensing head isolation valves. A partially closed or
closed valve shall activate an alarm and remove the refractometer from service.

The requirement applies to isolation valve designs, which can be partially closed or
closed when sensor is installed in the valve, which may create dangerous situations.

The requirement is not applicable for K-Patents Process Refractometers, because

The sensor is installed via a ball valve design in the process and it is mechanically
impossible to close the valve when the sensor is inserted into the process.

15. Initiate an alarm signal from each refractometer at 60% solids.

K-Patents Digital Divert Control Unit DD-01 initiates an alarm signal if refractometer is
showing 60% solids.

Note: The solids level of 60% can also be configured higher than 60% in K-Patents

Digital Divert Control System. This is feasible for mills, which operate with higher solids
level.

16. Prohibit the simultaneous washing of the individual refractometers.
K-Patents Digital Control Unit DD-01 synchronizes purges of both refractometers
prohibiting the simultaneous washing of the individual refractometers. Monitoring is part

of K-Patents built-in multidiagnostics.

17. Require manual restoration of a refractometer which has been removed, either
automatically or manually, from service.

K-Patents Digital Control Unit DD-01 requires manual restoration of a refractometer,
which has been remove either automatically or manually from service.

Each K-Patents Digital Process Refractometer can be restored manually to the divert
control by pushing “Restore to Divert Control” button in the refractometer.

18. Have provisions for manual prism washing.

Manual prism wash can be activated from each K-Patents Digital Process Refractometer
by pushing “Manual wash” button in the refractometer.

Note. K-Patents comments are printed in italics
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19. Require an automatic switch to single refractometer diversion (for systems set to
require both refractometers read low solids to divert dual refractometer
diversion) when one refractometer is in a prism wash cycle. Automatic return to
the chosen dual refractometer diversion will occur after completion of the prism
wash cycle.

K-Patents Digital Control Unit DD-01 will switch automatically to single refractometer
diversion when one refractometer is in wash cycle. System will automatically return to
dual refractometer diversion rule after completion of the prism wash cycle. (The rule
applies for systems set to require both refractometers read low solids to divert dual
refractometer diversion; two-of two rule).

Note: the requirement is implemented in BLRBAC recommendation in October 2000.
All K-Patents Digital Divert Control Systems DD-01 from Version 4.1 meet this
requirement.

All of the above functions may not apply to all refractometer control systems since some
refractometers:

a) Do not utilize cooling water,
b) Have sensing heads that are not affected by liquor temperature, etc.,
c) May have differences in electronic circuitry.
4.3 Refractometer Control System - Controls & Indicators
The refractometer system shall be equipped with the following controls and indicators:

1. Reset switch.

2. Switch or other means to manually remove either refractometer from service.
3. Visual solids display for each refractometer.

4. Status lights indicating in service . inoperative and/or malfunction for the
individual refractometer and status of diversion valve.

Operator panel of K-Patents Digital Divert Control Systems DD-01 consists of
1. Reset switch.

2. Softkey to remove either refractometer from service.

3. Graphic display for solids readings for each refractometer.

4. Status lights indicating "in service". "Inoperative" and/or "malfunction” for the individual
refractometer and status of diversion valve.

Note. K-Patents comments are printed in italics
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4.4 Refractometer Control System - Alarms and Indicators
The recommended alarms and indicators of the refractometer control system are:
Condition Audible Indicator

1. Refractometers reading more than X X
2% absolute difference

2. Black liquor solids at or below 58% X X
3. Refractometers inoperative and/or X X
malfunction

4. Black Liquor solids at 60% X X

Operator panel of K-Patents Digital Divert Control Systems DD-01 consists of

1. Indicator and relay output 2% absolute difference.

2. Indicator and relay output for black liquor solids at or below 58%.

3. Indicator and relay output in operation and relay output for malfunction

4. Indicator and relay output in operation and relay output for malfunction

4.5 Installation Requirements

1. The refractometers shall be installed in series.

The refractometers are installed in series at K-Patents Divert Control Unit DD-01

2. The refractometer sensing heads shall be installed in such a manner that the
individual sensing heads can be taken out of service or removed without having to
valve off the liquor piping or open bypass valves.

The refractometers are installed in the main process line using K-Patents HIMP-2
isolation valves at K-Patents Divert Control Unit DD-01. Safety operation is maximized in
the HIMP-2 isolation valve design; all steps are mechanically controlled in the insertion
and retraction of the sensor is mechanically controlled.

Prior to removing the sensor from the isolation valve, pressure between the closed ball
valve and the sensor tip is safety released through a manual bleed valve.

Note. K-Patents comments are printed in italics
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3. All cabinets, wiring, etc., shall be suitable for the atmosphere and service
conditions normal to a recovery boiler installation.

All cabinets are NEMA4X in the K-Patents Divert Control Unit DD-01

4. The refractometer sensing heads shall be installed so that they are accessible and
readily serviceable.

The refractometer sending heads are installed through K-Patents HIMP-2 isolation
valves in K-Patents Divert Control System DD-01 and sensing heads can be inserted
and retracted during the process operation.

5. The refractometer sensing heads may be installed in any position on a vertical
pipe run. On a horizontal run of pipe, the sensing heads must be installed on sides
of the pipe. The reason for this is to ensure that the prisms are always covered
with liquor.

The refractometer sensing heads can be installed into vertical or horizontal pipe runs in
K-Patents Divert Control System DD-01

6. The electrical power supply to the refractometer control system shall be from a
dependable (stable) source.

Both refractometer transmitters have separate power supplies in K-Patents Divert

Control System DD-01

7. A dependable supply of cooling water of satisfactory capacity must be provided
for refractometers requiring sensing head water cooling.

Not applicable in K-Patents Divert Control System DD-01

8. Dry oil-free instrument air shall be provided to the refractometer sensing heads to
prevent and control condensation in the heads.

Not applicable in K-Patents Divert Control System DD-01

9. A steam supply source of sufficient capacity shall be provided to meet flow, and
minimum and maximum pressures requirements.

All installation requirements may not apply to all refractometers and refractometer
systems.

Note. K-Patents comments are printed in italics
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4.6 Refractometer Problems

The three major causes of refractometer trouble or failure are:
1 Loss of cooling water and its effect on the sensing head.
2. Lack of reliability of the prism wash.

3. Condensation in the sensing head.

These may not apply to all refractometers due to differencesin construction and circuitry.
1. Not applicable in K-Patents Process Refractometer

2. Prism wash success is continuously monitored in the K-Patents Process
Refractometer and it is a part of system multi-diagnostic.

3. K-Patents Process Refractometer does not use cooling water. Condensation is
eliminated by enclosure sealing (Nema 4X) and with moisture absorber in the sensing
head.

4.7 Cooling Water Loss

It isof vital importance that the loss of cooling water be detected. This may be done
through a temperature sensing element or flow monitor which shuts down the
refractometer involved.

Damage to the sensing element of a refractometer does not occur instantaneousdly, but it is
essential that the system detect abnormal temperatures due to cooling water loss, flow
blockage, etc., and that the cooling water be promptly restored.

The individual refractometer manufacturer' s instruction and maintenance manuals shall
be consulted with reference to: potential damage to the sensing element; identification of
adamaged element; how and when to replace a damaged element.

Not applicable in K-Patents Process Refractometer

4.8 Prism Wash

Thetimeinterval between prism washes may vary with the black liquor composition. It is
recommended that the minimum wash period be 7-10 seconds of wash every 20 minutes.
Short duration washes at more frequent intervals are more effective than long washes at
long intervals. Ideally, steam pressure for prism washing should be 35 psig above the
black liquor pressure, plus the pressure required to open the protective check valve.

Awareness must be maintained of the effect of changes to the prism wash programming
variables. Various refractometer systems have the capability to adjust: condensate drain
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