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ABSTRACT OF DISCLOSURE
A method and system to consistently and automatically conditioning and
delivering a solid-free liquid (filtrate) sample suitable for instrumental analysis is
disclosed. A slurry, preferably a slurry produced by a sub-atmospheric pressure chlorate
dioxide generating process, 1s fed through a filter to remove the solid phase and to
provide the liquid phase on the downstream side of the filter, where the concentration of

at least one dissolved component is determined.
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TITLE OF INVENTION

CONDITIONING SLURRY SAMPLES FOR
QUANTITATIVE INSTRUMENTAL ANALYSIS

FIELD OF INVENTION

[0001] The present invention is concerned with rendering slurry samples suitable

for instrumental analysis.
BACKGROUND TO THE INVENTION

[0002] The vast majority of chemical processes to generate chlorine dioxide
currently in commercial use in pulp mills take place under sub-atmospheric conditions.
In such processes, chlorine dioxide is generated by reducing sodium chlorate using a
reducing agent, such as methanol or hydrogen peroxide, in an aqueous acid reaction
medium containing sulfuric acid maintained at its boiling point under a sub-atmospheric
pressure. The reaction medium in such processes is a slurry with a solids content
commonly ranging from about 10 to about 30% w/w. The two major parameters in terms
of the concentration control in the reactor, namely chlorate molarty and titratable
acidity, are normally maintained within target bands no wider than +/- about 0.2 M and
+/- about 0.2 N, respectively. Such control targets are accomplished based on analytical
results of chemical tests performed manually by plant operators.

[0003] Being able to continuously monitor liquor composition is desirable
beyond the obvious manpower savings. The accuracy and precision of process control
that would be achieved by means of on-line measurement would ultimately lead to
higher reaction efficiency and lower chemical consumptions. But all known attempts to
meet the above analytical requirements without human intervention have not been
successful or not in sustainable and reliable services. One of the reasons 1s the difficulty
inherent to the sampling of hot and saturated slurry-type process streams.

SUMMARY OF INVENTION

[0004] The present invention provides a method and system for consistently and
automatically conditioning and delivering a solids-free hiquid (filtrate) sample suitable
for instrumental analyses. While the present invention 1s described in detail with respect
to slurries from chlorine dioxide generating plants, 1t will be clear to a person skilled in

the art that the principles described herein are applicable to all types of slurries

encountered 1n industrial processes.
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[0005] In accordance with one aspect of the present invention, there is provided
a method of measuring the concentration of at least one dissolved component in the
liquid phase of a slurry, which comprises providing an analytical unit comprising an inlet
chamber for said slurry in communication with an inlet, a filtration medium for
removing the solid phase from the slurry located downstream of the inlet chamber, and a
chamber downstream of the filter in communication with an outlet, feeding said slurry to
said 1nlet, then through said filtration medium to separate said solid phase from the liquid
phase with the liquid phase passing into the chamber until a predetermined amount of
said liquid phase has entered said chamber, and measuring the concentration of the at
least one dissolved component 1n the liquid phase in said chamber.
[0006] In accordance with another aspect of the present invention, there is
provided an analytical system for measuring the concentration of at least one dissolved
component in the liquid phase of a slurry, which comprises a slurry filtration unit
comprising a filtration cell comprising an inlet for the slurry to a slurry chamber, a
filtration medium for separation of the solid phase from the slurry, and a liquid phase
chamber downstream of said filtration medium and having an outlet therefrom, said
liquid phase chamber having a liquid level sensor and a concentration measurement
probe 1 operable association therewith, a utility system in operable relationship with
said slurry filtrate unit for selectively applying compressed air, water and vacuum to the
outlet from said slurry filtration unit, and a control/communication system in operable
relationship with said slurry filtration unit and said utility system for controlling the
operation of the analytical system in response to a pre-programmed set of commands
BRIEF DESCRIPTION OF DRAWING
[0007] Figure 1 1s a graphical representation of experiments conducted
comparing the concentration of sodium chlorate in a chlorine dioxide-generating reaction
medium, measured by Raman spectrometer in comparison to chemical tests; and
[0008] Figure 2 contains a schematic illustration of a slurry conditioning system

provided 1n accordance with a preferred embodiment of the invention and comprising a

slurry filtration unit (SFU), a utility system (US) and a control/communication system
(CCS).
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GENERAL DESCRIPTION OF INVENTION

[0009] Referring to Figure 2, a slurry conditioning system 10 includes a slurry
filtration unit (SFU) 11, a utility system (US) 12 and a control/communication system
(CCS) 13. The SFU is a filtration cell (FC) 16, equipped with a level sensor 17, a
temperature sensor 18 and an instrument probe 19.

[0010] The FC filtration cell 16 consists of an upper chamber (UC) 22 separated
from a lower chamber (LC) 24 by a filtration medium (FM) 26. The filtration medium
26 may be of variable size and material of construction, depending on the nature of the
slurry to be processed. An upper port (P1) 28 is connected to the utility assembly 12.
Other ports are provided for the level sensor 17, temperature sensor 18 and mstrument

probe 19. A lower port (P2) 29 connects the lower chamber 24 to the process from which

the slurry to be tested 1s taken.

[0011] This unit 11 may be used to introduce a probe of any kind for
instrumental analyses of the filtered sample, such as IC (1on chromatography), Raman
spectroscopy, FT-NIR (Fourier Transform-Near Infra Red) or the like.

[0012] The utility system 12 comprises several solenoid valves, namely hot
water SV1 38, compressed air SV2 40, vacuum SV3 42 and vacuum relief SV4 44. The
arrangement of all connections is to at least minimize and preferably eliminate chances
to leave residual water in the cell 16 which could later dilute the filtered sample and
result in errors. This consideration is particularly important when the sample volume 1s
to be reduced as much as possible.

[0013] In operation, vacuum can be used to create a pressure differential and

render filtrate free of solids. The mmcoming shurry stream via P2 29 may be forced

through the filtration media FM 26 1n its entirety (called dead end filtration). The
method of this invention generally proceeds i cycles involving a number of steps,
namely 1) air blow, 2) water washing, 3) air drying, 4) filtration under vacuum, 5)
vacuum relief and 6) measurement. The steps 1 to 3 may be repeated more than once
should difficulty in filter medium cleaning be encountered. The duration of each step as
well as the temperature and pressure conditions in each step are determined based on the
characteristics of each slurry treated. A representative Example appears below.

[0014] In the approach of applying a vacuum as driving force for filtration, as

the filtrate level rises high enough to reach the level sensor L 17, the program 1n a
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Programmable Logic Controller (PLC) 46, closes the vacuum valve SV3 42, marking
the end of filtration. While the filtrate comes to the upper chamber 22 that 1s at sub-
atmospheric pressure, dissolved gas (chlorine dioxide) 1s disengaged from the hquid
phase, forming bubbles, exerting serious interruptions to the analysis. It has been found
that the vacuum can be released to a certain degree by opening SV4 44 for a given time
until gas bubbles disappear and the gas phase interference is eliminated.

[0015] Depending on the particular slurry being conditioned, water and air

temperature are also critical parameters. If no limitation exists, any available

temperature in the 10° to 70°C [see 80°C below] range may be used. However, for
chlorine dioxide generator liquor, it was observed that crystallization can take place n
the saturated liquid should the filtrate temperature fall below 40°C. Strictly speaking,
the phase diagram has a change at temperature 32°C below which sodium sulphate
decahydrate would precipitate. Due to the reversed relationship of solubility versus
temperature when the temperature is above 32°C, the filtrate at its usually initial
temperature of 70°C can remain clear until it cools down to near or below this critical
temperature related to the phase change.

[0016] From the standpoint of promoting the filtration rate by reducing the
slurry viscosity, or preventing the formation of decahydrate fine particulates in the
filtered sample, it is essential to maintain the filtration cell temperature well above 40°C.
[0017] It is particularly challenging to accomplish such thermostatic conditions

when performing vacuum filtration due to the cooling effect of water vaporization 1n

UC 22.

[0018] For the reasons expressed above, the preferred embodiment employs hot
water with a temperature in the range of about 50° to about 80°C. In cases where it is
difficult to maintain the cell 16 at the temperature needed to prevent crystallization, it
may be necessary to surround the SFU 11 with an enclosure and supply hot air or
heating.

[0019] The PLC 46 controls the sequence of operations based on the program
and signals received. The output from PLC 46 are signals to activate/deactivate
individual solenoid valves. The specific instrument probe starts measurement as the

instrument 47 receives a trigger from PLC 46. The signal of the probe 1s sent to a site
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computer PC 48 where 1t 1s converted to a standard signal that is transmitted to the DCS
(Distributed Control System).

EXAMPLE
[0020] This Example 1llustrates a conditioning cycle for the filtration system
described 1n reference to Figure 2 and equipped with a Raman laser probe that transmits
spectra to Raman spectrometer as the analytical instrument.
[0021] The conditioning cycle proceeds in accordance with Table I below:

Table I

Typical
Step Action duration Input Output
(sec

I-----

(water) (air) (vacuum) | (Vacuum

relief) -

Airblow | 20 [open | closc | open | close | close | inactive

2 |Waterwashing | 120 | open | open | clo
4 | Vacuuming/ L controlled | close close close Inactive

| -““-

5 | Vacuumrelief | 30 [close | close | close [ close | open | inactive _

n close close

measurement

) Next cycle starts

Operating Conditions:

Hot water temperature : 70°C

Hot water pressure : 15 psig

Compressed air pressure : 20 psig

Compressed air temperature: Room temperature

Vacuum (maximum) : 25 in.Hg

Vacuum relief low limit: 10to 15 mn.Hg

[0022] A comparison was made of instrumental analysis carried out as described

above to provide Raman spectrometer measurements with chemical tests on the sodium
chlorate concentration in a slurry from a chlorine dioxide generator. The results are

presented graphically in Figure 1, from which it can be seen that there is close

correlation of the data.
SUMMARY OF DISCLOSURE
[0023] In summary of this disclosure, the present invention provides a novel

system and procedure for consistently and automatically conditioning slurries and
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obtaining good filtrate sample for instrumental analyses. Modifications are possible

within the scope of the invention.
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The embodiments of the invention in which an exclusive
property or privilege 1is clalimed are defined as follows:

1. A method of measuring the concentration of at least one dissolved component n
the liquid phase of a slurry, which comprises:

providing an analytical unit comprising an inlet chamber for said slurry in
communication with an inlet, a filtration medium for removing the solid phase from the
slurry located downstream of the inlet chamber, and a chamber downstream of the filter

In communication with an outlet,

feeding said slurry to said inlet, then through said filtration medium to separate
said solid phase from the liquid phase with the liquid phase passing into the chamber
until a predetermined amount of said liquid phase has entered said chamber, and

measuring the concentration of the at least one dissolved component in the iquid

phase 1n said chamber.

2. The method of claim 1 wherein said inlet 1s a lower inlet and said outlet 1s an
upper outlet.
3. The method of claim 1 wherein said slurry 1s fed to the inlet through the filtration

medium and into the chamber by the application of vacuum to said outlet.
4. The method of claim 3 wherein said vacuum application 1s preceded by the steps
of:

applying compressed air to said outlet to remove from the analytical unit any
liquid and solid remaining from a prior measurement,

washing the filter, the chamber and the slurry chamber by the flowing of wash
water from the outlet to the inlet, and

air drying the chamber, the filtration medium and the slurry chamber by flowing
compressed air from the outlet to the inlet.
5. The method of claim 4, wherein, following said vacuum application, the vacuum
application to the outlet 1s terminated and i1s released.
6. The method of claim 1 wherein said slurry 1s a slurry of crystalline sodium
sulfate 1n reaction medium from a chlorine dioxide generating process in which chlorine
dioxide 1s generated by reducing sodium chlorate with a reducing agent in an aqueous
acid reaction medium containing sulfuric acid at the boiling point of the reaction

medium under a sub-atmospheric pressure.
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7. The method of claim 6 wherein the concentration of sodium chlorate in the liquid
phase i1s measured.

8. The method of claim 6 wherein the concentration of sulfuric acid in the liquid
phase is measured.

9. The method of claim 6 wherein the concentration of the at least one dissolved
component determined is used to control the concentration of that component in the
reaction medium within a predetermined range.

10.  The method of claim 6 wherein, following the vacuum application, vacuum is
applied to at a level which does not draw filter liquid into the chamber which releases
any dissolved gaseous chlorine dioxide from the liquid.

11.  An analytical system for measuring the concentration of at least one dissolved
component in the liquid phase of a slurry, which comprises:

a slurry filtration unit comprising a filtration cell comprising an inlet for the
slurry to a slurry chamber, a filtration medium for separation of the solid phase from the
slurry, and a liquid phase chamber downstream of said filtration medium and having an
outlet therefrom, said liquid phase chamber having a liquid level sensor and a
concentration measurement probe in operable association therewith,

a utihty system in operable relationship with said slurry filtrate unit for
selectively applying compressed air, water and vacuum to the outlet from said slurry
filtration unit, and

a control/communication system in operable relationship with said slurry
filtration unit and said utility system for controlling the operation of the analytical
system 1n response to a pre-programmed set of commands.

12. The system of claim 11, wherein said liquid phase chamber additionally has a
temperature sensor in operable association therewith.
13. The system of claim 11 wherein said utility system comprises a plurality of

solenoid valves separately connected to respective sources of compressed air, water and

vacuum to permit the compressed air, water and vacuum to be selectively applied to the
outlet from the filtration unit in accordance with a predetermined set of commands to

said solenoid valves provided by said control/communication system.
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14.  The system of claim 12 further including a further solenoid valve operatively

connected to the outlet from said slurry filtration unit to permit vacuum relief to said

liquid phase chamber.

15.  The system of claim 14 wherein said control/communication system possesses a
pre-programmed set of commands to effect the operation of the analytic system In

accordance with the cycle of operation set forth mn Table I.
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Figure 1: Field test data of instrumental analysis compared with
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CA 02543385 2006-04-13

'.,...-.,..-........oa,--os.-coottQOI

...a......p'vcloolnour--quatvrilvt! Tbv danrvdiTasm A
-

e mm e S

aiv 4 = & Ww
l-t-o-vﬂ--|-0'|
-— —t&--v-'--r——-—!‘ﬁll—vmv-c-o-
- * 0 ¢ ww *
"oy 4 am 4 a= * wa v P e Y e T WS ¢

L

-y T s vm g am

P1
. . 28

-
* daw

L LR ERENEIEERNEEETRE P N N EEE R R IS

-

-
»
| |
| |
-
-
v
L
-
-
L |
L]
-
-
»
»
L}
-
L]
’

Hot Water

-
[ ]
]
]
L ]
L ]
»
»
|
[}
]
|
»
*
4
L]
-
L 4
L ]
*
]
L]
.
[
-
4
|
’
v
»
-
*
]
-
-
]
*
-
»
-
[ ]
L ]
L]
L ]
*
4
-
[ 4
*
4
[ ]
L ]
L 4

A EN AEEANEREE NN NENN]

LEE B
Lo bR I L R

- >
‘..-......-.‘o.-.--..-..o-oo-cspautococvus..--oo- :
: . : ' ) ’.'I‘O..l.-"GC'..iU‘.l'.I.QDOQb
. a + atbdaneretrpradadisaanw
sfrvavqeprtuararrghbeabhine
. i - oo--o:olioo
' . s aend ePprrart faitti o,
. | - OQtl!QQOGQOICO-‘Q-UCUOIl.l-00l'att.lio.Iltt.l..‘.......o’--l.ltclltqlo. -
- . . ‘
- : . .
. : . § < ) :
L] : : ' ‘
. »
- ..l'-..q‘...l.l.s. .““.‘” 1] : : . :
L : : .
‘ " v -— * W :
. ‘ : : .
- ' : : I:] (:::E; '
- : : '
4 -— : : | O .
’ : : ‘
' "lll'l. : : ‘
L : : '
- : : .
] i. : : .
. ' : : '
- ¢ : : .
' f : . .
L . - . .
4 . : . '
‘ ’ — : instrument :
L ‘ ’
- N “ .
v ! ’ : '
. ' : . '
1] N : ; '
. [
' : '
’ i : - . ‘
. : : .
' X ! : ‘ .
L] ’ -;_ .
L H . .
- .| : . -
. ' : ' ‘
H : : .
. 3 ] . .
. i : : .
L » : ; .
. . 18 : . S -
* ‘ : * '
- i : ‘ .
’ b : . '
- H : : ‘
. . : : ‘
. u : : .
. ‘ : : I
- : : .
; 3 . : '
. ‘ . : '
4 . | ' : ‘
' ! : : .
. ' : : .
L] ; : : .
: : Io.c.lot-.QQQCQ--Oool.
: ; . .0 lllIUIO’IQ.'.COOCC‘Q‘..O..Ql.o..l“l..ii.,v..ll‘...‘ll.OQCDOD’C'."
. véun
. -
‘ g ;
. M :
. -
! '| ‘I .
' »
' *
. .
*
i .
»
*
’
’
+
-
-
-
4
»
L

10

'"EEELERI AR N
’nooocoool...oco.olcconcuooicoo-Q-Ol0000.-0'-

Qoococop..,.o.......'g..-goooo--.«oocc---oobb‘C'OOOUO

P2
29

Connection to Process

1

.

.

.

v
.

*
*
v
*
-
+
+
.
’
.
.
>
-
-
-

»

PR ] "ELAEERELE  EREE J L)

Figure 2: Slurry Conditioning System - Schematic

PALo ¢ w4 v avavyrr {00 dRPphdd st b oth i dodgaavnsamevopprptatavvenvnef



“bacsa
AL B I P AY "B mmmArARAgE s AL anana
TR R R R YT R IR LR L E R A ""*"'."."'."-,.
-

S S Tttt R ST US
3 e TN 12
| T a4

! HEEEE

1 3% BRI

| P1 ¥ 3}5; Vacuum
; S ISR

| 25 S RS Air

—~—
el

ihdqgta p
TR TERE T ..tsioap.-olonqocovcottﬂ--llbi‘l"l

Hot Water

RAL I M ragevpethiivimgedandan

" EEEEERAEL A NN BB E NI

R 2

.'0-0-.-.--v“----h-ﬁ-lld‘.blii.l!..tll"‘."it" —
]

v
¢Sy e RO R OPmidtmPARAS

" So@aanwhpipn nd
oo-v"?'-gv'rO‘DOApA-ctn-a--- beabiBacdddinerdtrnmidad

L

’
..Q}ll!’.‘.’l!"‘.-.lC!rl

)

L..] PLC +— PC To DCS
46

L
*
[
-
-
»
-
*
]
-
»
L)
-
[
L ]
L 4
v
-
-
]
-
-
’
-
[
!’
-
‘
d

[ ]
ewilets i madimhisnmbtaYRgRpidbaDRIeap R

]

-

a 44 ¢ da s LY

SR R AL RN NI R

’
4

17 (1.1

migstidlanedrcavarey asavwveiovarnpacatiaskiperedinaly

29

Connection to Process

19
]

gL L YT R B

el Ay - BB

«h an ah

Instrument

B W e At BTN g -yt

thavasadpassgcsaq bt gasannnsrrr bbbt ionn

1'5-..*-10'0100|30041¢ vhetdpd I w

47

O
.

O
@0

]
B0 a4 A v A Pb P YRS PP Pty P A AT AT TP AT T LIY RATYIR BT Ana R AN

SFU
11

srwid PR T EL EENE RN LIRS

LA ANEE AN ENE R NN FAREITNEY N

ddrambtany
‘.-......""'....,'.....;‘..|.....‘.|.§li.0!.lll.r--a--oo

I T I L d LI L TS L L St gigrabods prraps Pl Fall b B v & B4 E rhod oW,

10

CHI PP R RS AT PO rPEAY PINARTYA ) AN ORI AP PRI IR

s eascpathy e TEELLEE LR LN

-
’
.
.
-
-
-
-
.
»
.
.
‘
4
.
-
-
>
,
»
L
.
.
.
.
.
‘
‘
.
L
.
.
'
1
)
'
'
L]
'
.
]
'
'
'
v
'
[
L
’
.
'
>
.
4
1
1
4
r
)
.
L
'
»
'
'
1
'
)
'
’
'
)
»
r
»
L]
>
>
1]
’
»
L
»
-
& ar e
-
»

TAV P CTAPVNAVEAPIPPPI OV N O PRI Y APV PP TR AT 48 ¢+ Yo prp i |"|.'r



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - abstract drawing

