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PVA GEL

Polyvinyl Alcohol Hydrogel
~A carrier for immobilization
of microorganisms—~

KURARAY CO. LTD.




PVA gel from Kuraray Company is a biocarrier used
to enhance wastewater treatment and thus protect
our Earth’s environment.

Through over a decade of research and development, Kuraray Company has
established PVA gel beads as an effective biological wastewater treatment
technology.

PVA (polyvinyl alcohol) gel is a porous hydrogel that is ideally suited for
immobilization of microorganisms essential for the degradation of
environmental pollutants.

Advantages of PVA gel beads:

1 PVA gel is formed as 4mm spherical beads having a specific
gravity of about 1.02 and thus excellent fluidity in water reguiring
minimal energy for mixing.

2 PVA gel has a network of minute pores about 20 microns in
diameter tunneling through each bead.
Useful bacteria can thus be enriched in large numbers in the
protective core of the beads greatly reducing sloughing of biomass
while maintaining stable treatment efficiencies often at rates in
excess of 25kg BOD/(ms3-gel-d.)

3 PVA gel treatment vields less excess sludge as compared to
conventional biological methods.

4 PVA gel has a very high water content due to its extensive
porosity, thus allowing for favorable permeability of oxygen and
nutrients to the bacteria colonized inside the beads.

5 Polymerized PVA gel is essentially insoluble in water and is not
know to be biodegradable.

6 Depending on the characteristics of the wastewater, treatment
ability using PVA gel can be enhanced up to 5 times that of
conventional activated sludge, thus allowing for upgrading of
existing overloaded systems or for design of new process units
with greatly reduced footprints.

7 In addition to removal of common organic compounds (BOD cut),
PVA gel can also be used for nitrification and denitrification as well
as treatment of various industrial pollutants.




Examples of wastewater treatment using PVA gel beads

1.Treatment for BOD removal

In the following example, an existing wastewater treatment plant is considered that has a
250m:? activated-sludge tank and a 45me clarifier. The plant was originally designed to
handle 150ma3/d with an influent BODs of 1,000mg/L. However, the plant is now in need of
an upgrade to handle an increased flow of 300ms3/d (with the same BODs), for which three
design options are shown below. A conventional activated-sludge system would require
about twice the existing tank volumes to treat the increased loading (not shown).

PVA gel+Activated Sludge Method (Excess Sludge Reduction System)

Wastewater

Settling tank

[Sludge return

Settling tank
(NEW)

45m®

| i Activated (Existing
: GEL tank |!sludge tank
! 120m? voo130m° 45m?®
’ o Treated
00 09 %o water (1)
(o]
% 0 © ©  |BOD sludge loading
_ ®o |0.15~0.2ke/(kgd)
o o o [MLSS .
© o  |about 3000me/L E e
oo\ 10m*/(m=-d)

Excess sludege

Packing ratio: 10% (Volume 12m®)
PVA gel (525 load-25ke/(m-gel-d) ]

PVA gel+Autolysis Method (Zero Excess Sludge System)

Wastewater

Autolysis

GEL tank
120m”

(BOD conversion ratio about 15%)

tank
130m*®

5
S o 69N

S
5 .0 Oy
o
Oo ooooo
G 9

(o] (B

o]
o] Fe) o)

MLSS L
about 10000me/L

Packing ratio: 10% (Volume 12m7)
PVA gel [BOD load:25ke/ (mP-gel-d) ]

PVA gel+Flocculation

Wastewater

PVA gel |

GEL tapk

120m°

PAC NaCOH Paolymer

A

Recycling

Settling tank

/| 45m°

o 0 g
o o 5 4
o
Bl e %
g PO g
o
o o
oo N

Packing ratio; 10% (Volume 12m3)]
BOD load:25kg/(m-geld)

No sludge return | about 30%+Cozgulants)

Retention time
. more than 3 hours.

Excess sludge

(BOD conversion

—

Treated water

Treated
water (2)

ratio

Notes @The flow diagrams shown here are only typical examples for BOD removal and na performance guarantees are implied.
System performance may vary based on various environmental factors and wastewater characteristics.
@®Submersible mixers and appropriate eeration eguipment shall be used for fluidization of gel and oxygen supply (when neaded),

respectivaly.

@When submersible switch mixers are used, a minimum clearance of Bmm shall be maintained between the impeller and its

casing.



2.Treatment for nitrogen removal

In the following example, an influent wastewater flow of 300m3/d is considered with
total nitrogen (T-N) of 80mg/L. Three design options are shown.

*Nitrification reaction (aerobic) Ammonia-form nitrogen is converted to nitrite and
then nitrate (requiring sufficient dissolved oxygen and
minimal interference from organic carbon).
 Denitrification reaction (anoxic) Nitrate is converted to nitrite and then nitrogen gas
(requiring sufficient organic carbon and minimal
interference from dissolved oxygen).

Nitrified Liguor Circulation Method

Nitrified liguor circulation

Treated water

Denitrification tank Nitrification tank
(Anaerpbic) . (Aerobic)
300m/d 50m?® 3 60m®
TN g 0 S 25 5%, 0= %
B0me/L {Dc oY = ooj__Q o\ /ooo\ OO/ & A
BOD o/'o';"‘o 50 \ l = OD?DO 0\00001
180me/L | |o Dol B LD o 1
Ioo ol 519 OOTO o ooooo\oo
i o o i o © \O o o0 O\ ! o 5 o 01
X5 o o o8 | KN AN B/ o/ Beks
Submersible mixer
PVA gel [Packing ratio; 10% (Volume 6m3)] [Packing ratio; 10% (Valume 6m3)]
T-N load:3ke/(m*gel-d) T-N load:3kg/(m°*gel-d)

Nitrification, Denitrification and Aeration Method

Nitrification tank WiBkRA Denitrification tank
itrification tan enitrification tan :
(Aerabic) (Anaerobic) . /\ojauon tank
300m°/d B0m? 60m?° : S
TN o g o o %o _+Qo°°°oo & @
o o
B80me/L B s Ooo o gh o °
Q (o] o aQ (o] (o] (o] o o (o] Q
OCO c:o 000000 ooo oooooO 3 o 0
= o oo © ° o] o 2 o} 3 o follile] 5o o 2 (o] -
Submersible mixer
PVA el [Packing ratio: 10% (Volume Bmﬁ)] [Paoking ratio: 10% (Volume Sma)]
€81 [ T_N load:3ke/(m>gel-d) T-N load:3kg/(m>-gel-d)

Nitrate Removal (Denitrification)c

Methanol
Denitrification tank Aeration tank
(Anaerobic) - (Aerobic)
300m®/d B80Om® |
NOz-N o o & T o
BOmeL | °° g0 56" 0 o o °
o © o
o o o (o] (e] o (o]
0000000 00000000
o] o © o 0 o
Submersible mixer
Packing ratio: 10% (Volume Bma)]
PVA del [T—N load:3ke/(me-gel-d)

Treated water

—

Treated water

—

Notes @The flow diagrams shown here are only typical examples for nitrogen removal and no performance guarantees are implied.
Svystem performance may vary based on various environmental factors and wastewater characteristics.
@Submersible mixers and appropriate aeration equipment shall be used for fluidization of gel and oxygen supply (when
needed), respectively.
@\When submersible switch mixers are used, a minimum clearance of 5mm shall be maintained between the impeller and

its casing.
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[Appearance
of PVA gel]

[Microscopic structure Surface
of PVA gel] : D i

Photograph taken with
an Environmental
Scanning Electron
Microscope

(ESEM)

[Distribution
of Bacteria]

Surface 1mm inner from surface Center portion

Fluorescence in situ
hybridization
(FISH) method

HMBacteria multiply——
Toward the center portion
of PVA gel.

All aerobe All aerobe All anaerobe

WSame field of view. —

Nitrosomonas Nizrobacrer Laracocus




Example of an autolysis system used for elimination of excess sludge. PVA gel beads are used for
biological treatment of industrial wastewater and membranes are used for sludge-water separation.

Wastewater|Gel tank exit |Autolysis tank Treated water
s-BODs(mg/L) | 5000 30 = 5
s-C0Dwn(me/L) | 4000 500 = 20
MLSS(me/L) 0 1000 10000 0

GEL tank : BOD volume |oading 4kg/m?-d
Autolysis tank : BOD sludge loading 0.05kg/kg-MLSS-d

PVA GEL

Polyvinyl Alcohol Hydrogel
~A carrier for immobilization of microorganisms—

BMethods of handling PVA gel beads

@Keep container tightly sealed and out of reach of children when not in use.

®Used PVA gel containing active biomass must be handled with caution (as activated sludge).
@If PVA gel is to be disposed of, it shall be handled as an industrial waste.

@®Do not use PVA gel for any other purpose than wastewater treatment.

@Refer to the MSOS prior to handling.

BCaution

@®FPVA gel beads are a slipping hazard when spilled on walking surfaces.

@The water used for packing PVA gel during storage and shipping may be slightly acidic,
thus wash thoroughly after contact with skin.

@If the packing water gets in eyes, wash eyes thoroughly with clean water and
cansult a physician immediately.

@If PVA gel or the packing water is ingested, consult a physician immediately.

Selling agency :

KURARAY CO., LTD.

Environmental Business Development and Promotion Division
OTE CENTER BLDG., 1-1-3. Otemachi, Chivoda-ku, Tokyo 100-8115, Japan
TEL:+81-3-68701-1650 FAX+81-3-6701-1654
http:/www kuraray.co.jp/
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PVA Gel Beads
For Biological Wastewater Treatment

kuraray

PVA GEL




Conventional Biological Wastewater Treatment

Large tank Microbial Solid-liquid
Large footprint degradation separation
Discharge
Wastewate! - H‘ supernatant

(organic Sedimentation tank

contaminant)

Industrial
waste

>[Excess sludge]

x TAir

Sludge return

Activated sludge (“sludge” is the Microorganisms grow by eating organic

mixture of bacteria, protozoa and substances (about 50% of organic

metazoa.) substances (BOD) converts to CO,/ H,O
and the rest converts to excess sludge).

The excess sludge must be discharged
periodically.



PVA-gel Beads as Bio-carrier

4 D
Material: Polyvinyl alcohol (PVA)

Al Size: 5Smm® beads
A Specific gravity: 1.015
™ | S P g y )
*’:- »bw“}t_

) ) oy
KA P
B £t

s

i L e
i? Microscopic structure

()BT At
TUm

Bacteria  Size of micro pores

Several ym on the surface of
the PVA Gel
B~20 1/ m

Protozoa, Metazoa


http://www.gesui.metro.tokyo.jp/kids/biozukan/movie/Spirillum.wmv

Examples of bio-carriers

L

Microscopic stru
Kuraray PVA-Gel

(Unlike PVA gel beads, most of the

other carriers do not have porous

structures, thus can only retain

\bacteria on their surface.
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Feature of wastewater treatment using PVA-Gel

1. Quite high load is possible.
(5 times or higher than conventional activated sludge)

2. PVA-gel can also be used for biological nitrification
and denitrification processes.

3. The amount of excess sludge can be reduced.
(We have some special techniques to reduce excess sludge
dramatically with PVA-gel.)




Comparison of Capability

Conventional system

Mixture of Bacteria,
protozoa, metazoa, etc.

|

—

Activated sludge tank

—

—>

Tank volume can be reduced to 1/6, or
volume load can be increased by 6 times

PVA gel (10 % vol. packing) | R
— | ® 0%0 g »
06® 00— - - 3
06®0,0 \L Only effective bacterla] 2 6
PVA gel tank P
i J ) Countless A % ?
iRt T bacteria || S
fosy i C o\ are retained in
% PVA gel.
PRwia g & V¢ g, ]
M % [ Activated PVA gel

sludge




High Efficiency and Low Excess Sludge

Conventional system Sedimentation tank
—— Effluent

—>

_ Activated sludge tank Y

Excess sludge (about 50% of BOD)

“ PVA gel (10 % vol. packing) “

——{© 990 ¢ T — Effluent

0o 06®

cece, o Coagulant No slud?e return Y ‘

PVA gel tank ) 5( ]
Excess sludge (about 30% of BOD)

— %e::%g —1 Activated — Effluent

e @6

0%6,0 sludge | g)ydge is returned only to

h

»

T the activated sludge tank.

* Nitrogen removal is also applicable

Excess sludge (about 20% of BOD)

with different process flow.



Installation Example (1) Food factory (BOD removal)

Activated Sludge

Sedimentation

»

T

Increase the capacity of BOD
removal with no tank expansion.

~

O 00 O\
. PVA Gel

o v v

o O O

Activated
Sludge

v

Sedimentation

T

* |Increase the capacity of
BOD removal
* Reduction of excess sludge

Before | After
Flowrate | 50 50 —
[m3/d]
Volume 05 1.2 24
load times
[kg/m3/B]
BOD of 180 <30 —
effluent
(mg/L]
Excess 2470 | 740 1/3
sludge
[m3/Y]

v




Installation Example (2) Recycle of the wastewater as
ultra pure water and sludge reduction (Taiwan)

»85% of the wastewater

can be recycled as
Reverse Gira pure Water.
S ‘Greatly reduced | o
membrane By austolys?s. g

PVA-gel beads +
sludge reduction
(installed
underground)

Sludge reduction
BOD removal . ,L/
£060m3/d, BOD=510mg/L>Y 2utolysis N
J @ “" o Reverse osmosis linembr

‘ ‘ ‘ B

® —Submerged ¢ |
C~0x0 membrane |
PVA-gel tank Sludge reduction tank |




Installation Example (3): Sludge Reduction System

Kuraray

L 9T

Saijo Plant (400m?3/d)
ﬁd ’1"\;; Gel separator
(2 mm meSh)

BOD removal and sludge reduction

Sludge
reduction
tank

Sedimentation tank




Delivery record of PVA-Gel for each industry sector

more than 200 plants

Soil leachate Others
4% _ Dyeing 8%
3%\

LCD,
Semiconductor

5%
Precision .

Food

component 50%

8%

Plating

Chemical /

13%




Qverseas bases & Global launch of PVA-Gel
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