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Aquafit 4 Use

Context:

By consuming several billions m3 of water a year, industry has a significant
impact on available water sources. Water re-use through the treatmentrof thei
wastewater to produce water qualities according to their own spatiits,

can reduce significantly this impact. Four sectors are focused in thisgbroj
Pulp & Paper, Textile, Chemical and Food industries.

Objectives:

Propose solutions/new combinations to produce water fit-4-use from industry
wastewaters for re-use purposes which have a reduced environmental impact

4 Reduction of final wastes Treatment of membrane concentrates R
Treatment of saline streams Reduction of saline load in closed loops
Improvement of processes reliability

‘ Thermal way with optimized evapoconcentration technologies
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Evaporation principle and heat transfer basis
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Evaporation principle:

Distillate

—

Feed

Steam; /\ R

O

A

» Concentrate

Boiling of effluents under vacuum
Lower boiling temperature

Heat transfer with a heat pump,
a compressor or steam boiler J
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U hnt Kl Kconduction lth K2

» U : overall heat transfer coefficient (W/m2.K)

* hyy., hey @ Internal and external convection coefficients (W/mz2.K)

* K;, K, @ internal and external fouling coefficients (W/m2.K)

R.in s
1 _R, 11 Ru , 1

U ext I%nt I‘\nt Kl / tube hext

B +—+—

* R.«» Rt - external and internal rays (m)
* e . tubes thermal conductivity (W/m.K)
* hi , hey : calculated thanks to modeling tools
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Evapo-concentration technologies

Forced Circulation Scraped Surface Rising Film

Ebullition at 37 C Ebullition at 37 C Ebullition at 85 C
50 mbar (hydro-ejector) 50 mbar (hydro-ejector) 580 mbar (Roots)
Heat pump ( T~ 15 C) Heat Pump ( T~ 15 C) MVR Roots ( T~ 25 C)
Distillate flow = 250 L/h Distillate flow = 7 L/h Distillate flow = 20 L/h

fir amrpie
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Forced Circulation evaporator (LED E6000)

o
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Characteristics:
U = 1500-5000 W/m2.K
1,5 < effluent velocity in tubes < 3 ni.s

Applications :

Charged effluents (DM : 35% to 40%) ; small capacit
For most viscous, incrusting, scaling, fouling edihts and controlled crystallizati9
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Rising film evaporator (with MVR - Vacudest 20)

Distillate

I ) -
[ﬁ_}’;_h Evaporation i - [T [
: vapour - o 5 g

4
Air bleeder «— E'

<{HHHHE>=

Concentrate

< Heating

Condensate of & vapour
heating vapours = L H
k_,L 4= Feed
\_ %
f Characteristics: h
Umax = 3000 W/m2.K
Neads greadT
Applications :
DM : 15% to 30% ; small capacity
S Industrial effluents (automobile, water of refragtvash, surface treatment...)/
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Scraped surface evaporator (LED RH150)

Feed

Evaporation vapour
Distillate

Heating
vapour

Condensate of Heating jacket

heating vapours  Concentrate
- J

Characteristics:
300 < U <1200 W/m2.K
Increase of U thanks to agitation

Combined effect of vacuum vapour and hegt
pump to obtain distillation of liquids at low

temperature
Applications:
Charged effluents (30% < DM < 65%)
Small capacity
\_ Low interest for diluted liquid treatment .
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Context Treatment of membrane concentrates:

4 Low water quality I
to be re-used
—_— = e e . =) AOP = =
r MBR I .
I 11 T I
Paper mill Anaerobic 1.| Aerobic ¥ | w._ . High water quality
— > —V—
wastewater Process Process | I 7 Membranes to be reused
|
|
L 3FMm = &
D
=
2
. )
Water tobe re-used 4 = = = =| Evapo concentration e =» Waste minimization (or recycling)
- Y

Comparison of distillate and concentrate qualities after treatmentlascadn
of input load Fulfill of water quality requirements for industrial re-use purposes

To reach the best Volumic Concentration Factor VCF

To have a good understanding on limiting factors and sizing parameters.
To assess energetic costdmhtreated effluent function of the chosen technology
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Labscale evaporator

)

/ G

Determination of :
- VCF (Molumic Concentration Factor)
- Corrosion and fouling risks

Research & Innovation

Industrial pilot

- Material choice
- Definition of the best couple (P,T)
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Feed origin:

RO concentrates from (Anaerobic MBR) treatment : VCF = 1.2

Feed characteristics:
High alkalinity
Silica
Ce
Low [Cl-] and [SQ]

VCF target on evapoconcentration = 40

Parameter Value
Al (ug/L) 40
Mn (ug/L) 50
Si (mg/L) 92
SiO, (mg/L) 120
pH 8.3
Cond (S/cm) 2,900
DMC - 105°C (g/L) 2
Alkalinity (°dF) 110
tCOD (mgQ/L) 400

Parameter Value
SO, (mg/L) 310
N-NO; (mgN/L) 4
P total mgF/L) 11
P-PQ, (mgP/L) 6
Ca (mg/L) 73
Fe (mg/L) 2
K (mg/L) 12
Mg (mg/L) 6
Na (mg/L) 700
Cl (mg/L) 100

For time reason VCF = 11.5 but could be higher

Research & Innovation
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Distillates:

Holmen water quality requirements for re-use are all respected

Parameter Value Holmen requirement Parameter Value Holme requirement
SO, (mg/L) <30 <200 Mn (ng/L) <50 <100
Ca (mg/L) <2 <60 Turb (NTU) 0.4 <5
Fe (mg/L) <0.2 <0.2 Cond (uS/cm) 10 <500
Mg (mg/L) <7 <15 Alkalinity ( dF) 2 <85
Cl (mg/L) 3 <200 SiQ (mg/L) <2 <40
Al (ng/L) <40 <100
Concentrates:

[CI-]=1,000mg /L
pH =10

Fouling was observed:

Low Corrosion Risks

JCHESS : Quartz > Calcite > Dolomite...

VCF increase

A
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Evapoconcentration : well adapted to the reuse of this efflant
Distillate: excellent quality
Fouling risks to be considered (Decreasing pH)
Low corrosion risks ( Cheap materials)

Global VCF (RO + evapo) to be attempted on pilot scale 50
VCF of RO 1.2 and Labscale VCF (evapo) = 11.5
Global VCF 15 High quality of water, no degradation observed

Research & Innovation
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Feed origin:

NF concentrates from (Anaerobic Aerobic) treatment :
NF 90 — pH = 6.5 — Ameroyal 710 (7 mg/ Recovery = 80% ( VCF =5)

Feed characteristics:

Risks:
High chloride corrosion risks
Low calcium and sulpha
light scaling risks
Operating parameters:

Evaporation by batch of 400mL of feed
effluent (VCF per batch close to 2)

Pressure = 145 mbars
Bath temperature = 63°C
Determination of VCF:

Chloride don’t have to exceed 45 g/L in
concentrate

[CI]=49g/L VCFtarget=10
Global VCF = NF VCF x Evapo VCF 50

TSS (mg/L) <10 N-NH, (mgN/L) 1.3
MS 105 C (mg/L) 8,500 N-NO, (mgN/L) 2,4
Turb (FAU) 5.2 N-NO3 (mgN/L) 9,4
TA ( dF) 0 P total (mgP/L) 55
TAC ( dF) 30.1 P-PO, (mgP/L) <15
BODsg (mgO,/L) 3 Al (mg/L) 0,33
tCOD (mgO,/L) 534 B (mg/L) <0,05
sCOD (mgQy/L) 511 Ba (mg/L) 0,22
DOC (mgC/L) 150 Ca (mg/L) 710
TOC (mgCIL) 150 tFe (mg/L) 0,66
SO, (mg/L) 340 CI- (mg/L) 4,030
Mg (mg/L) 80 F~ (mg/L) <5
Mn (mg/L) 0.3 Colour (mg Pt/L) 500
Na (mg/L) 1,820 pH 7.24
Sr (mg/L) 2.2 T(C) 19
K (mg/L) 45 C (mS/cm) 13.03
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Distillate quality fulfills water quality requirements for re-u se purposes:

Colourless and no scaling observed 1COD (mgO /L) 6490
} . . SO, (mg/L) 8279,65
[Cl-]concentrate = 34 g/L  VCF could be lightly increase t0 12 [cz o) 5996.8
. . . . tFe (mg/L) 3,76
No biological risks determined Tey— 14345
Na (mg/L) 20093,5
Cl” (mg/L 33957,95
A " IpH 8,31
Paper mill T(X) 29
. C (mS/cm) 100,5
wastewate =———) et | EVapO - CONCENtration
r Temperature =63 C 1
Pressure = 145 mbars
tCOD (mgO,/L) 19,1 tFe (ug/L) <0,5
SO, (mg/L) <0,2 K (mg/L) 1,2
MS 105T (mg/L) | 8500 | N-NO, (mgN/L) | 2,4 | Mn (mg/L) 0,3 N-NO, (mgN/L) <0,6 Mn (ug/L) 1,32
Turb (FAU) 52 | N-NOs(mgNL) | 9.4 | Na (mg/L) 1820 N-NOs (mgN/L) <0,05 |Na(mglL) 0,26
P-PO, (mgP/L) < 0,05 Sr (ug/L) 0,86
TA (YF) 0 P total (mgP/L) 55 | Sr(mg/L) 2,2 Al (1g/L) 14 I (mgll) 1,62
TAC (UF) 30,1 | P-PO, (mgP/L) | <15 | CI (mglL) 4030 B (ug/L) 9,6 pH 5,08
BODs (MgO,/L) 3 | Al(mgl/L) 0,33 | F (mglL) <5 Ba (ug/L) 0,44 T(T) 25
Ca (ug/L) 0,32 C (mS/cm) 6,43 uS
tCOD (MmgO./L) 534 | B (mg/L) < 0,05 | Couleur (mg Pt/L) 500 Spores of porganisms (n/20mL) <2
sCOD (mgO3/L) 511 | Ba (mg/L) 0,22 | pH 7,24 Total coliform bacteria (n/100mL) 0
DOC (mgC/L) 150 | ca (mglL) 710 | T(T) 19 Thermotolerant coliform bacteria (n/100mL) 0
Enterrococus (n/100mL) 0
COT (mgCiL) 150 | tFe (mg/L) 0,66 | C (mS/cm) 13,03 HOC at 22T (n/mL) <10
SO, (mglL) 340 | K (mglL) 45 HPC at 36C (n/mL)
Legionella sp (UFC/L)
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Context

Treatment of concentrated streams:

Waste streams from pretreatment, dyeing, printing, finigh] -

Concentrates from membrane treatment of non-concentsateams

2 raw process streams from Textile company in Slon&a

Tank 2 (dyeing process):.
Black purple raw wate
Difficult to analyse

Basic pH and negative
oxidation potential

High COD level: 25 ggL
Low flux: 25 n¥/year

High alkalinity  scaling risks
during evapoconcentration

Research & Innovation

Parameters Value Parameters Value
SO, (mg/L) 10,200 Mn (ug/L) < 2,000
N-NH, (mgN/L) 10C Na (mg/L) 958(
N-NO, (mgN/L) <15 Sr (ug/L) < 10,000
N-NO, (mgN/L) <25 Cl (mg/L) 1550
P total (mgP/L) <100 F (mg/L) 305
P-PO, (mgP/L) <150 Si (mg/L) n.r.
Al (pg/L) 11,000 SiO, (mg/L) <200
B (ug/L) < 10,000 pH 12.71
Ba (pg/L) < 10,000 Cond (mS/cm) 48.6
Ca (mg/L) <200 DMC - 105 C (g/L) 67,000
Fe (mg/L) < 10,000 Alkalinity ( dF) 1534
K (mg/L) 10,370 BOD, (mgO,/L) n.r.
Mg (mg/L) <200 tCOD (mgO.,/L) 24,394
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1sttrials at lab scale: P = 50 mbars, T = 45°C

VCF=6.1
Colourless, COD =261 mg@, C =63 pS/cm

Transfer to pilot scale: P =75 mbars, T =40°C

Operating conditions:
Operatiol=13h
Distillate flux = 6.5 L/h

‘ VCF reached = 7.5

Concentrate:
Low corrosion risks
Material of evaporator cheaper
Limited scaling risks:
high SQ, concentration but low Ca concentratio
Easy to handle

Research & Innovation

TSS (mg/L) 125,000 B (mg/L) <10
MS 105T (mg/L) 404,000 Ba (mg/L) <10
BODs (mgO,/L) 1,650 Ca (mg/L) <200
tCOD (mgO,/L) 200,288 tFe (mg/L) 13
sCOD (mgO /L) 154,850 K (mg/L) 51,970
DOC (mgCI/L) Mg (mg/L) <200
COT (mgCIL) 37,700 Mn (mg/L) <2
SO, (mg/L) 26,800 Na (mg/L) 44,730
N-NH,4 (mg/L) 280 Sr (mg/L) <10
N-NO, (mg/L) <3 Cl- (mg/L) 4,450
N-NO3 (mg/L) 18 F (mg/L) <10
P total (mg/L) 230 Couleur (mg Pt/L) 4,000,000
P-PO, (mg/L) 79 pH 13.85
Al (mg/L) 44 C (mS/cm) 78.5
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1stdistillate
higher COD than expected

Purple distillate with

TSS (mglL) 21 Al (mg/L) 0,04
MS a 105C (mg/L) 120 B (mg/L) <0,05
Turb (FAU) 42 Ba (mg/L) <0,05
TA(YF) 11,9 Ca (mg/L) 15
TAC (YF) 151 tFe (mg/L) <0,05
BODs (MgO /L) 76 K (mg/L) 6
tCOD (mgO /L) 633 Mg (mg/L) <1
sCOD (mgO,/L) 583 Mn (mg/L) <0,01
DOC (mgC/L) 24 Na (mg/L) 7,3
COT (mgCIL) 130 Sr (mg/L) <0,05
SO, (mg/L) <20 Cl" (mgl/L) 10,5
N-NH, (mg/L) 40 F (mg/L) <1
N-NO, (mg/L) <03 Colour (mg Pt/L) 750
N-NO; (mg/L) <05 pH 10.04
P total (mg/L) <05 T(O) 159
P-PO, (mg/L) <3 C (pS/em) 180
Spores of porganisms (n/20mL) 4
Total coliform bacteria (n/100mL) <1000
Thermotolerant coliform bacteria (n/100mL) 0
Enterrococus (n/100mL) 0
Legionella sp (UFCI/L) <500
Legionella pneumophila (UFC/L) <500

Research & Innovation

Final distillate  Colourlesswith a
good quality

tCOD (mgO ,/L) 238 tFe ( g/L) 8
SO, (mg/L) <0.2 K (mg/L) 0.22
Evaporation at N-NH, (mg/L) 453 Mg ( g/L) 1.97
labscale N-NO, (mg/L) 0.173 Mn ( g/L) <0.1
P total (mg/L) <0.01 Na (mg/L) 0.07
‘ P-PO, ( g/L) 9 Sr( g/L) 0.16
Al( glL) 4.1 CI" (mg/L) 1.95
P = 50 mbars B( g/l 2.6 pH 10.57
T = 60°C Ba( g/L) 0.28 T(T) 16.9
Ca (mg/L) 6.01 C ( S/cm) 96

CAUTION!!" High coloration
power of the effluent!

Re-use experiments on Textile
cotton dyeing process ongoing
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Stenter (finishing process):
White raw water: Mix of two baths

Acidic pH and positive oxidation
potential

Very high COD concentration: 60 gD
(siloxanes, alcohols...)

High corrosion risks: high chloride
concentration and low

Parameters Value Parameters Value
SO, (mg/L) 37 Mn (pg/L) <40
N-NH, (mgN/L) 18 Na (mg/L) 150
N-NO, (mgN/L) <0.3 Sr (mg/L) 1.8
N-NO, (mgN/L) 1 Cl (mg/L) 5,300
P total (mgP/L) 200 F (mg/L) 79
P-PO, (mgP/L) 170 Si (mg/L) 4,100
Al (ug/L) 200 Sio, (mgl/L) 35
B (ug/L) 400 pH 3.5
Ba (pg/L) <200 Cond (mS/cm) 15
Ca (mglL) 90 g’)"ﬁ - 105°C
Fe (mg/L) <200 Alkalinity ( °dF) 0

K (mg/L) 8 BOD, (mgO,/L) 7,400
Mg (mg/L) 1700 tCOD (mgO,/L) 60,000

1sttrials at lab scale: P = 50 mbars, T = 45°C

VCF reached = 10

Colourless, COD = 2,600 to 6,000 mg/O, C < 0.2 uS/cm

Research & Innovation
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Transfer to pilot scale: P =50 mbars, T =40°C

Operating conditions:
Operation=14h
Distillate flux = 5.5 L/h

‘ VCF reached = 5.3

Concentrate:
Gel texture
Difficult to analyse
Colour: white
No scaling observed

Research & Innovation

MS & 105C 50.10%
TA (dF) 0
TAC (dF) 0
BODs (mgO,/L) 14,300
tCOD (mgO,/L) 427,106
sCOD (mgO./L) 162,392
N-NH, (mg/L) 59
Couleur (mg Pt/L) 80,000
pH 3.03
T(C) 16.4
C (mS/cm) >100
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TSS (mg/L) <10 B (ug/L) 57
Distillate: MS a 105C <0.5% Ba (ug/L) 14.9
Distillate: colourless but high COD Turb (FAU) 91 Ca (mg/L) 1.28
. . . . TA (YF) 0 tFe (mg/L) 0.052
No micro biological risks TAC (@) 5 <L s
High residual COD Problematic BODs (mgO./L) 2,100 Mg (mg/L) 2.15
for re-use in cotton dyeing process? tCOD (mgO./L) 3.803 Mn (ug/L) 79
sCOD (mgO,/L) 3,660 Na (mg/L) 3.03
SO, (mg/L) 0.827 Sr (pg/L) 3.9
N-NH, (mg/L) <1 CI" (mg/L) 5
N-NO, (mg/L) <0.3 F~ (mg/L) 12
N-NO, (mg/L) 0.112 pH 371
Spores of porganisms (n/20mL) 0 P total (mg/L) <05 T(T) 13.9
Total coliform bacteria (n/100mL) 0 P-PO, (mg/L) 0.358 C (uS/CM) 120
Thermotolerant coliform bacteria (n/100mL) 0 Al (ug/L) 86
Enterrococus (n/100mL) 0
HOC at 22T (n/mL) 1
HPC at 36 (n/mL) 15
Legionella sp (UFC/L) <250
Legionella pneumophila (UFC/L) <250

Research & Innovation
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Validation of evapo-concentration to reduce the saline load infal wastewaters:
Reduction of wastes High interest for treatment of membrane concerdrate
Good quality of the produced distillate with goo@~ Re-use possibilities
High adaptability on a variable load taking int@agnt P&P and Textile problematics

Importance of characterization of the wastewaters to be treated
Scaling risks potentials have to be evalu

Perspectives — On site pilot trials:
Textile industry: ongoing
P&P industry: start beginning 2011
Impact of variability of final wastewaters
Estimation of energy consumption

. 22
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Thank you for your attention !

Any questions?
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