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EXECUTIVE SUMMARY

Microfiltration is one of the family of pressure driven separation processes, the others being
ulerafiltration and hyperfiltration.  Microfiltration fits batween conventional Filtration (1 to
5 prnr} and ultrafiltration (0,01 pm) in particle size capture, and rejects colloidal and suspended
salids,

Two types of microfiltration membrane systems exist :- synthetic membranes with a fixed pares
size, and dynamic type membranes where flocculating agents, such as alum, are vsed to create
a filtration medium inside the filtration tuba.

Both types of membranes are opeirated in the cross-flow mode to minimise cake build-vp and
maximise product llux. Dynamic cross-flow microfiliration has several areas of application
including :-

(i} the removal of zollpidal and suspended solids from effluent streams,
{ii) the pretreatment of effluents prior to ultrafiltration and hyperfiltration,
{iii) the thickening of suspensions or dilute sludges.

Traditionally dynamic cross-flow membranes have been formed on rigid porous supports such
as ceramic or stainless steel tubes. In 1979 the Pollution Research Group used a Flexible woven
filter tube {fira hose jacket) as a membrane support, Although rudimentary in design, resules
obtained {rom the pretreatment of dyehouse affluent were encovraging.

In 1924 the Pollution Research Group was contragied by the Water Research Commission for
1 year to Further investigate and devalop the use of cross-flow microfiltration, using woven
filter tubes, as a pretreatment technique (Freject Ne. i40).

The technical ohjectives of the project were :-

(i) to determine the technical feasibility of microfiltration for the treatmen: and
pretreatment of a representative range of waters and wastawalers.

(ii) to evaluate process performance and estimate the cost effectiveness of the system.
{iii) to devalop a detailed design and cost estimate of the system.

These objectives necessitated that investigation into aspacts such as :-

{i) the effect of support hase constructicn.

{ii) the effect of different floccuianis including polyelecirolyte.

{ii1} the g¢ffect of pH, temperature, velocity and pressure.

(iv] the determinaticn of dosage and pH range of [locculants.

La undertaken.

In addition a variety of waters and wasiewaters were (0 be used i¢ evaluate the usefulness of
cross-flow microfiliration as a treatment or pretreatment technique.
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This project wag the forerunner of a further three year project entitled "The Development of
Suppori Systems for Cross=flow Microfiliration ond Techiical Performance Evaluation on
Industrial and Waters and Wastewaters” (Project Ma, 164),

During the course of this project, effluent from thirteen different industries were cross-flow
microfiltered as well as biological and water works sludges. The ability of the designed units
o also function as a tubular filter press was established and sufficient technical data collected
to enzble a full geala tukular Filter unit to be designed and installad ata watar works to dawater
sludges.

The process has been licenced internationally and is marketed under the names EXXFLOW
(far cross-flaw microfiltration) and EXXPRESS {far the tubular filter prass).

A final report has been prepared, [t does not present a chronological history of the two Water
Eesearch Commission sponsorsd projects but is srganised in terms of processes and effluzat
streams investigated 5o as to be of maximoem benefit to the licensees of the technology.

STMMARY OF P . 146 : DEVELOP F WASTEWA
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Four effluents were treated by cross-flow microfiitration :-
{i) secondary sugar effluent.

(ii) paper machine effluent.

{iii) alum sludge.

{iv) activatad sludge.

Secondary effluent from a sugar mill was crass-flow microfiltered prior to treatment in a spiral
reverse 0smosis vnit. Rajection of suspended spolids was 100 % and the reverse osmasis
membranes operated without fouling up to 85 % water recovery in batch concentration mode.

Paper machine effluents wsare treated as examples of a high colloidal industrial effluents.
Effluent from the papet machine of a lines/fluting mijll contained 200 to 400 mg/¢ of colloidal
and suspended solids after clarification. Cross-Tow microfiltration achieved complate removal
of these solids and reduce the total organic carbon content of the effluent by vp to 40 %.
Colloidal/suspendad solids removal from noodle water (containing 4 p/£ suspendad solids) was
over 99 % and the rotal organic ¢carbon concentratipn reduced by over 60 %.

Waste alum sludge from a water works contained 2 to 6 g/¢ of towl solids. The cross-flow
microfilter was used as a sludge thickener and over 15 days increased the affTuent total solids
form 2 gf¢ t0 95 g/L. Further dewatering was achieved by operating the crogs=-flow microfilter
a5 2 tubular Filter press. A cake of 20 to 25 % total solids was preduced.
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Preliminary work on the cross-flow microfiltration of activated sludge Mrom Durban’s Northern
Waste Water Treatment Works indicated that satisfactory total solids and colour rejections could
be achieved but that further work was necessary to determine the effact that aspecis such as,
pracoat type, sludge type and sludge viscosity would have on the effectiveness of cross-flow
microfiltration.

PR ; LO
R - N
PERFORMANCE EVALU DUSTRIAL WATER
WASTEWATERS

During 1985, emphasis was placed on the mechanical design and opecability of a prototype
cross-flow microfilter using woven fabric hoses as a support system. Cleaning techniques,
both chemical and mechanical, were investigated during tha course of the prototype cross-flow
microfilter applicatians,

Various Water Boards expressad interest in the ability of the technology to act as a sludge
thickener, and 50 sludge thickening and dewatering were accorded highest priority in the
applications programme,

Small scale plants were installed at thea D.V. Harris Works of Umgeni Water Board in
Pistermaritzburg and at Rand Water Board's Sledge Station in Vereeniging.

A sludge dewatering system, effected by using the cross-flow microfilter as a tubular [ilter
press, was developed and patent rights applied For in the name of the Water Research Commission,

As a consequence of this work, Umgeni Water Board initiated a sub-project with the University
and the Water Research Commission for the building of a prototype unit at the H.D, Hill Works
in Pietermaritzburg t¢ handle the whole sludge production emanating from the treatment of
raw water,

Qther applications investigated during 1985 included the cross-flow microfiltration of low
suspended solids in surface watar, undertaken at Wigging Works and the treatment of secondary
affluznt at Durban's Northern Waste Water Treatment Works,  In addition mathematical
modelling of the cross-flow microfiltration process was undertaken.

During 1986 priority was givén to the devalopment design and comsiruction of the prototype
Tubular Filter Press at H.D. Hill, Pietermaritzburg. The work was undertaken jointly by the
Umgeni Water Board and the University of Natal. The prototype unit was commissioned in
Movember 19856,

Spadeable cake, having a solids concentration of 31 % m/m, could be produced at a rvate of 1.5
kg dry solids/m2h for a feed with a concentratipn of 25 g/ at an operating pressure of 450
kPa. Operating manuals for the unit were weitten. The mechaaical and &lsctrical performance
of the prototype unit was faunlt free but occasionally plugging of the filter tubes with cake
accurrad.



{iv)

A cross-flow microfiiter pilot plant was constructed at Durban Corporation's Morthern Waste
Water Treatment Works and coupled to a pilot scals anasrobic digester. The treatment capacity
of the pilot digester was increased from 3,6 to 6,! kg volatile solids per day, the dipester solids
goncentration was increased from 2,7 to 5,2 % and the volumetric throughput increased from
72 to 134 £/d. This increased solids and liquid loading had no adverse effects on digester
performance, the velatile acids/volatile alkalinity ratio remaining censtant at 0,15 and the
volatile solids reduction remaining at 65 %. I

Cross-Flow microfilter mathematical modelling studies continwed during the vear for both
steady-state and transient conditions.

The steady-state model enables the data obtained (rom 3 short single ube to be uwsed in 2
mathemarical model which takes into account engineering parameters (tube length and fube
diameter) and operation variables (pressore, flow rate and solids concantration) and predicts
the steady-state permeate Flux, The unsteady-state model pradicts the rate aof flux decline
and can be used to calculate the optimum cleaning procedure,

Short duration ad hoc investigations were undertaken to investigate the usefulness of cross-Tlow
microfiltration as a treabment method for various industrial effluents, either ta enable water
reuse or 1o act as a pretreatment for reverse osmosis vnits.

During 1987 project work centred on upgrading the tubular Filter press ac H.D. Hill Water
Treatmant Plant to trear the Full sludge flow from the plant. Operation of the mbular Filter
press was transferred to H.D. Hill personnel and 3 shifts per day were being run by June 1987,
Plans for full automation of the plant ara under way. In genaral the plant cperation has been
satisfactary and operating staff are happy with the technology.

Monitoring and operation of the pilot plant at Northern Waste Water Treatment Works was
continned by warks staff, using waste activate sludge,

Labaratory scale tests were undertaken on the cross-flow microfiltration of neutralised textile
scour effluent prior to the electrolytic recovery of sodium hydroxide. The electrochemical
membrane was susceptible to calcium and magnesium scaling and so high rejection of these
ions by tha c¢ross-flow microfilter was requirad, Tests indicated that a precoat of Kulu 15
limestone, a feed velocity of 3 0 3,5 m/s and an operating pressure of 300 kPa should be used
for all future cross-flow microfiltration of aevtralised scour effluent.
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4 TREATMENT OF INDUSTRIAL EFFLUENTS

Industrial water management and effivent treatment is becoming of increasing concern due to
the limited availability of future water supplies and the need to preserve watar quality.

Projections indicate that demand over present usage will equal supply by the year 2010 (Appendix
4,1, 4.2). Althovgh nan-agricultore use of water is presently about 25 %, this will rise o
over 38 % by the vear 2010. As the ratio of industrial to domestic water usage is abogut 60 : 40,
it is evident that, in the futwre, industry will have a major role ic play in the South African
water economy.

Effluents from thirteen major industries were treated to evalvate the role of cross-flow
microfiltration in eliminating or reducing pollution potential of the effluents and in reducing
the axternal water demands of the industriss. A Jiterature review af the use of ¢ross-flow
microfiltration in treating industrial efTluents prior to this work is given in Appendix 4.3.

4.1 ROSS-F CROF TION OF EFFL S FR LP
ER 1 Y

4,1.1 Introductign

Processes used in the pulp and paper industry generate several chemically digsimilar
effluent streams. A generalised (low sheet of the spurce of these effluents is shown
in Figure 4.1.

Effluents from the pulping process have high organic contents and are generally
treated by an evaporation/chemical recovery boailer system in which the organic
fraction is burnt and the inorganic fraction is reconstituted for use as process
chemicals.

Thare are two types of bleaching effluents, an acid effluent and an alkaline effinent
from what is known as the E-stage process. Of these, the acid bleach effluent is
preblematical as it is highly concenteated and its high chloride ¢ontent renders it
unsuitable for reuse without effluant treatment {(4.23). Alkaline extraction liquor
affers possibilities for water reuse if dissolved total solids can be removad.

= . Six effluent streams generated during the pulp and paper making processes were
treated by cross-flow microfiltration (0 assess ifs effectiveness in enabling water
reuse within the plant.

4.1.2 =flow Mic tion r

Spant liquor is the concentrated stregam gbtained by draining the digested wood pulp.
A typical analysis of spent liguor is given in Table 4.1.
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PULP AND PAPER EFFLUENTS
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t
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|

I

PAPER
MACHIME

FIGURE 4.1

SPENT LIQUOR

WASH PIT LIQUOR

BLEACH EFFLUENT :

ACID BLEACH EFFLUENMT
AHALINE EXTRACTION EFFLUENT

PAPER MACHINE EF FLUENT
CLARIFIER OVERFLOW &
NOODLE WATER

SCHEMATIC FLOW DIAGRAM OF THE SOURCE OF EFFLUENTS

WITHIN THE PULP AND PAPER INDUSTRY

TABLE 4,1
ANALYSIS OF SPENT LIQUOR

TD3 s/
Ash (z/4)
Orgenic aolubles
Conductivity mi fem)
pH
Ca {mg/é)
Na {mg/d)
¢l (mg/f)
Lignin {x/ t:‘
Sugar {x/t)

FEER)
19,06
164,31

1,81
& 676

0,61
£9

The cross-flow miceofilter had the following specifications :-

Tube type
Tube length
Tube diameter

woven avlon.
1,94 m.
12 mm.
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Tests were vndectaken in total recycle and batch concentration mode (Appendix 4.5
and 4.6). Flux values were low (5 {o 8 £/m2h) with total carhon rejection of 30 %
and lignin rejaction of 26 % in totl recycle and 59 % in batch concentration mode,

Cross-flow Micraliltration of Wash Pit Liquor

After the wood chips have undergone chemical digestion, the pulp is drained and
then washed, The resultant dilute liquar is known as wash pit liquor.

The effluent was treated by cross-flow microfiltration to investigate whether CFMF
could :-

(i) provide a methed of pratreatment for SAICCOR liquot,
(ii} provide a direct treatment process,

The resulls obtained (Appendix 4.7) show that with no chemical addition and during
total recycle, the effiuent formed a membrane of its own. After 3 minutes the [lux
was 30 £/m2h dropping to 16 £/m2h after 26,5 hours, Suspended and colloidal matrer
was removed. In addition, 39 % af the lignin and 20 % of sugar preseat in the feed
was rejected,

Foliowing these preliminary results, Further tests were conducted under conditions
of constant concentratian and circulation velocity, but with varying feed pressure
and temperzture.

The effluent was diluted 50 % by volume with water so that any trends in permeata
Flux or quality at different opersting conditions couid be detected easily,

Results showed that the time required fFor satisfactory membrane formation varied
with temperature and pressure. The rate of permeate Flux decline was higher with
an increase in temperature.

Runs cacried out at the same temperature but at different feed pressures {120 and
240 kPa) indicated that permeate Fluxes were almoest identical over 2 10 hour period.

Permeate [lux was dependant on feed concentration. At a dissolved solids
concentration of 130 g/¢ the permeate fluxes obtained on diluted wash pit liquar
ranged from 78 to 54 £/m2h, whereas at a2 feed concentration of 44 g/¢, the fluxes
ranged Fram 13 to § £/m2h, over similar peciods of time,

Ata fFeed pressure of 120 kPa, similar rejections of total organic cacbon, total disselved
solids, organic solubles and calcium wece obtained. At temperatures up to 30 °C,
lignin rejections of 30 to 50 % were obminad,

At a Feed pressure of 240 kPa, the rejections of total organic carbon, total dissolved
solids, arganic selubles and calcium did not vary over temperatures ranging from 26
tc 80 °C. Lignin rejections of 35 to 70 % were obiained.

At aperating temperatures of 30 °C and 60 °C, the flux declined to below 10 #/m3h
For Feed concentcations above 42 £/¢ total dissolved solids, withinan hour of operation.
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The average rejection of total carbon, total dissolved solids, and calcium was betwean
10 and 30 % for feed TDS concentrations up o 130 g/2 and feed temperatures up
to 40 *C. Lignin rejections were above 30 %. At operating lemperatures of 51 °C,
average rejection ol constifuents decreased to zero for feed conceatrations of [30 g/f
total dissolved solids,

Examination of the permeate flux with time, for feed TDS concentrations between
42 and (70 p/f and at temperatures of 30 *C and 40 °C indicates that initially the
flux decreases steeply to a low valve which is dependant on {eed concentration.
Thereafter, the rate of Flux decline is similar regardless of concentration.

In the runs carried out at 30 *C, the flux/time ¢ucves are similar for feed 1oal
dizsolved concentrations of 42 and 24 pfe.

- Microfiltratio d Bleach Ef

Acid bleach wasta water typically contains up to 5 g/2 of total solids. Major
constituents being 1 to 2 2/¢ of chloride ang 0,3 ta 0,8 g/¢ of organics, measured as
TOC.  The affluent has a low pH (2 10 4) and a temperature of 50 o 60 °C,
Preliminary investigations carried out on treatment matheds for bleach effluents
indicated that reverse osmosis was suitzble. Cross-flow microfiltration was envisaged
as a pratreatment process for the reverse osmosis feed.

Labgratory Investipatigns

The bleach effivent was cross-flow microfiltered, after lime addition to raise the
pH, in serial batch concentration mode to 95 % waier recovery. Permeate {luxes
were above 400 #/m?h throughout the batch at a pressure of 300 kPa.  The
performance of the CFMF is summarized in Table 4.2

COMPARISON OF THE BLEACH EFFLUENT FEED

TABLE 4.2

AND THE CFMF PERMEATE

Prrameter Feed CFMF permeate after
neutratisation
pH 20 L
Mg (g/f) 014 0,001
Oz [gff) 0,12 0,680
TOC (gfé) 0,53 0,200

It was found (Appendix 4.8) that high calcium levels in lime pretreated bieach
effluent caused fouling of the reverse osmosis membranes.
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Figure 4.2 shows that 44 % of the total organic carbon is removed at pH 11,3 to
12,0, but that the amount of calcium in the supernatant is above | 000 me/e.  This
could ba removed by adding carbon dioxide to the ef{fluent, thus decreasing the pH
and precipitating calcium as calcium carbonate but decreasing the percantage of TOC

removed.
™ L 1O
E -
o ° \ L 1200
= 50 - ] 5:
E P TG} E
L - =
E 4 - L oG é
3 %
.i L - &00 E
s oo §
10 - = 200 “
1] T
a g n 11 12
pH
FIGURE 4.2 : REMOVAL OF EXCESS CALCIUM WITH CARBON DIGXIDE
RESULTING IN A DECREASE OF TOTAL ORGANIC CARBON REMOVED

The use of a ferric hydroxide precoat in the cross-flow microfilter was investigated,
This would alleviata the large acid/alkali dosages reguired if the effluent was
preireated with lime and would not give rise to excess calcium coacentrations.

Results (Appendix 4.9) showed that the total organic carbon rejection with a ferric
hydroxide preccat was only 20 to 30 %, compared to 40 and 50 % with lime
floeculation. In addition, marked fouling of the FilmTec reverse psmosis membrane,
shawn by declining permeate flux, (Table 4.3), occurred when the membrane was
subjected to effluent pretreated with a ferric hydroxide precoat.

A two stage pretreatmeant sequende was then mvestigated to optimise the removal of

organics and to reduce the high levels of calcium in the feed to the reverse osmaosis
membranas.
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CROSS-FLOW MICROFILTER FLUXES WITH
FERRIC HYDROXIDE PRECOAT
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Tima Flux Pressure
{min) {&/mZh) [kPa)
11,54 £10 500
1k.08 405 -
12,30 33z -
14,00 388 -
15,00 300 -

In the first stage of lime {locculation followed by cross=flow microfiliration, crganics
were removed at pH 11,5 to 12,0.  Addition of carbonate reduced the pH and
precipitated the excess calcium which was removed in a second pass through the
cross-flow microfilter.

The compositions of the [esd and the permeate, alter the [irst siage of cross-flow
microfiltration, are given in Table 4.4 and after the second stage in Table 4.5.

Results (Appendix 4.8) indicate that a iwp stage cross-flow microfiltration
pretreatment reselts in a permeate with low grganic concentrations of approximately
300 mg/# and a negligible calcium concentration of 2 to 3 mg/é.

The performance of the cross-fiow micrafilter at various water recoveries is given
tn Tables 4.6 and 4.,7.

TABLE 4.4 .
FEED AND FILTRATE COMPDSITION AFTER FIRST STAGE CFMF
Run 1 Run 2 Run 3
Fusd Compoalte - ] Fand Composita 4 Faad Composite - ]

filtrnta removed filtrate remeved filtrate remcved
pH 3.5 113 - 2.5 LIE] - 2.6 119 -
Cuoad 58 a9 - 54 65 - 57 55 .
s 3 9 5 300 - 4 100 4 HHy - 1 200 5 TR -
TOC 552 301 43 o2 108 44 4% 267 51
Na L1373 1) - a7 B - a0s B -
Mg Hd 0,8 o 141 0,5 o 135 (] o
Ca 66 483 - 228 - LE) - 110 770 -
] 1 353 1 B - 1 364 1384 - 1588 1 400 -
504 88 T - 56 6l - - - -
All unite in mg/f axpaet pH and conductivity - mS /em
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TABLE 4.5
FEED AND FILTRATE COMPOSITION AFTER SECOND STAGE CFMF
Run 2 Run &
Feud Composita % Feed Composite %
Mitrate ramoyad filtrate ramoved
pH 11,1 114 - 12,0 12,0 -
Cond 6,3 a8 - p.o 10,1 -
T 4 BOD B 900 - & &00 E 800 -
TOC L1l - - 313 ITE -
Ma 24 22 - 2 OBk Z 0%z -
Mg 9.3 A5 - o 0 -
Cn 440 1,3 o9 a0 zd 99
cl 1 558 1 B3b - 1 300 1273 -
50y 14 57 - - - -
Al units in mg/ ¥ expect pH and conductivity - m3fcm

TABLE 4.4
FLUX ¥5S WATER RECOYERY FIRST STAGE CFMF
{Pressure 300 kPa and Temperature 25 °C)
% Woter Funa
racovery
1 2 3 4 ] 4] 7
Ho cleaning
1] 1152 1100 EBG 1206 1098 1033 1184
25 5 L] 4% &TH 1083 1000 a1 103k
1] BE4 758 :1:13 946 BOG 774 945
75 742 o8 565 a21 BlO 709 349
a7 782 T08 414 4% TES fag 774
86 782 150 878 453 T a0 -
Flux In £/m®h

The permeate from the two stage cross-Flow microfiltration sequence was tested
against FilmTec and Du Pont membranes to determine whether any fonling tendencies
remainad,

4.1.4.2  Pilot Scale Plant ot SAPP] - Eustra

Arising out of labgratory investipations, a pilot scale nlant was installed at
SAPFI - Enstra, to collect on-site technical performance data with which to evaluate
the treatmant process and to provide necessary design information (Appendix 4.10).
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TABLE 4.7
FLUX VS WATER RECOVERY SECOND STAGE CFMF
{Pressure 200 kPa and Temperature 25 °C)
Y Water Runs
TRCOVery 1 2 a i a
Mo cleaning No cleaning Mo clasning
a 135 464 10393 a4n F26
25 age 471 31 aaa 480
S0 - 454 792 493 440
75 1 153 rd 115 420
87 E33 417 T3 117 340
a5 - Liun) - - 225
Flux in £/m?h

Fhe pilot plant consisted initially of one cross-flow microfiliration unit and a reverse
osmasis unit.  The cross-flow microfilter unit was comprised of a 20 m long curiain
of 20 wbes, manifolded to Form 5 parallel flow paths. The total length of each
path was 80 metres and each individueal tube had a diameter of 25 mm. The curtain
was hung in a spiral from a frame which was suspended over the permeate collection
tank, The permeéats overflowed into the raverss osmosis feed tank,

The cross-flow microfilter was over-designed relative to the bench scala resulis to
ensare a continucus feed to the reverse osmosis anit. Nao large buffer tank capacity
between the units was incorporated becausa of space limitations and no tube cleaning
facilities were provided. The units were containerised for ease of transport and
handling.

The CFMF unit was required {0 produce 4,3 m3/h or 135 &/m3h of treated blzach
effiuent as feed to the reverse osmosis unit. However, a decrease in Flux from 330
t0 25 &/m?h was monitored over 24 hours on start-up.  Following laboratory test
work and geveral system modificatians, the unit was redesigned as a linear system
with a high pressure spray cleaning head.

The impact of tha installation of a cleaning head is seen by comparing Figurss 4.3
and 4.4, Figure 4.3 shows a run prior to the installation of the cleaning head, The
Flux was below that required to provide sufficient feed for the reverse osmosis unit
and varipus attempis to improve the filtration rate, such as sponge ball cleaning and
acid washing, gave only temporary improvement. The instajlation of the spray
cleaning head had an immediate effect, (Figure 4.4) with permeate flux well above
the minimum required. In the subsequent gperational period, down time on the
cross—-flow microfiltration vnits amounted to anly 16 % of operadonal rfime. With
regular cleaning, permeate {luxes were maintained at 300 2/m%h which was above
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the required rate of 135 #&/m*h needed for continuous Flow to the reverse osmosis
unit. Takle 4.8 gives typical analyses of the acid bleach effluent before and after

CFMF.
TABLE 4.8
A TYPICAL ANALYSES OF THE EFFLUENT BEFORE AND AFTER CFMF
rH Cond TS5 a5 TG oG Ne Mg Ca Cl S0y
Bleach 3,0 134 3 664 24| 603 [3:15) 520 134 130 1 380 112
CFMF feed 1 8,E 414 44928 d2E| 546 - - 113 16 - -
OFME rajuct 1 o.B 424 E 502 1088| 524 - - 158 334 - -
CFMF parmenke 1 4,0 410 4 418 ol 562 - - BB a1\ - -
CFMF feed 2 9.9 521 B 9RY 24| 616 - - 100 142 - -
CFidF raject 2 0.0 544 Barg 3 138| 565 - - 180 135 - -
CFMFE permente 2 0.7 521 4 996 40| 539 - - 104 37 - -
All units in mgfE expect conductivity - m5/em
400
m -
F e m 7
y’
E 230 — Ackd wosh Acid wazh
3
2 200+
a
£
ﬁ;- 130 - s8.C Manimm CFEF e dor RO
o 100 Acid wosh
SH.C
50 —
u L] L] * L] 4
] 200 400 600
Cumulotire hours
FIGURE 4.3 - PLOT QF CEMF PERMEATE FLUX WITH TIME BEFORE
INSTALLATION 0)F SPRAY CLEANING HEAD
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FIGURE 4.4 : PLOT OF CFMF PERMEATE FLUX WITH TIME AFTER
INSTALLATION OF SPRAY CLEANING HEAD

4.1.5

Tha reverse osmosis unit gave unsatisfactary results dus to Fouling. Following
labotatory tasts, the foulant was faund ta be calcium oxalate, Sodium carbonate
was added to the permeate from the croszs-flow microfiltar, cauzing precipitation of
calcium carbonate. This was removed from the effluent in & s2cond cross-flow
microfiltratign unit and resulted in a substantial decrease in the rate of fouling, thus
confirming laboratory resulis that a two stage microfiltration process could produce
a feed to the reverse osmosis unit that was essentially non-fouling.

Cross-flow Miceoliltration of Alkaline Extraction Bleach Effluent

The alkaline extraction {E-stage)} liquor arises From the bleaching circuit when after
chlotination, the pulp is extracted in a <austic medivm. E-stage liquor is a
yellow/brown colour and contains about 1 % dissolved solids of low molecular mass.
A Lypical analysis is given in Table 4.9.

The alkatine extraction liquor was cross-flow microfiltered (Appendix 4.11) using
an experimental unit with the foliowing specifications :-

Tube type : Single polyestar - Swiss woven
Tube dimensions : 1,35 m x |2 mm
Pump : 532 Mono pump
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Circulation velocity : 1,7 m/s

Feed pressure : 120 kPa

Temperature during tests : 300 33 °C
TABLE 4.9

TYPICAL ANALYSIS OF ALKALINE
EXTRACTION BLEACH EFFLUENT

rH 7.8
Cond [msér.m] a4
TOC 4,87
TDS (S} 128
Ash (e/t) 5.8
58 (e/t) 0,08
Sodium (344] 2.8
Chloride eff) 0,798
TARLE 4.10

PERMEATE FLUX FOR TOTAL

RECYCLE TEST

Elapaad Parmuake
tite thnc
{iminutas) {#fm?n)

] 4G

i .3

25 A6

35 M

a7 23

BD 21

120 20

Permeate fluxes obtained in total recycle mode are given in Table 4.10 and in baich
concentration mode in Table 4.11.

A 63 % permeate recovery was achieved at the and of the batch concentration run.
Analysis of permeate samples indicated that only the undissclved material present in
the effluent was rejectad. There was no rajection of dissolved organic/inorganic
constitvents,

4.1.6 Cross-1low Microf f Paper Machine Effluent

The Cape Kraflt paper maching effluent was treated by cross-flow micrafilteation
{Appendix 4.12) using an experimental unit with the following specifications :-



Woven tube length 27m
Pump Hydracell D10
Tuba velocity I m/s
Feed prassure 200 to 500 kPa

Precoat
Chemical addition

Aleminium hydroxide in water slurry
500 mg/tand 2 8/¢ of alum was added to the effluent,
and the pH adjusted 1o 5,2 and 5.8 respactively

A summary of the performance of the cross-flow microfilter For twa separate tests
is given in Tables 4.12 and 4.13

TABLE 4.11
PERMEATE FLUX FOR BATCH
CONCENTRATION TEST
Elnpwed Permeate
Eime T
{hours) [£fm2h)
200 17
4,00 16
al17 14
20,75 11
TABLE 4.12
FLUX PERFORMANCE ON THE FIRST TEST
EfMuant Effluent EffMusnt Effluent
permeate permitele permeate perminty
Tima {mina) Q 5 15 25
Flux {4/ m?h) 423 168 118 105
Specific Mux (£fm2h.MPa) 2115 (4] 464 420
Orutlal prsiuce [kPa) 200 280 250 250
TARLE 4.13
FLUX PERFORMANCE ON THE SECOND TEST
Titns {hour) a 05 1,6 8,0 3, 40
Flux {£/m2h) 364 172 150 208 143 146
Prespure (kPs} HH AT B 400 ATS 75

Analysis of the feeds and rejection performance of the cross-flow microfilter are

given in Tables 4.14 and 4,15
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TABLE 4.14
REJECTION PERFORMANCE ON THE FIRST TEST
Sampla Raw Parmeate Permnata Permecte
effluent B c D
H 4,85 - - -
Cond {mnSfem) ag2 2,70 2,70 2,95
TS (s/8) 2,00 2,68 2,78 2,55
TC {2/ 8 1,55 0,44 0,41 0,35
o (mg/E) 140 - - -
TC tv] (%) - 72 73 77
TS rej (%) - 2E 11 a8
Cond rej (%) - 11 17 31
TABLE 4.15
REJECTION PERFORMANCE ON THE SECOND RUN
Time (hour) 03 15 an as 4.0
Feed TS {efé) 9,48 8,82 10,31 2,85 8,62
Parmeate TS (&/E) 7,61 7,60 8,27 B,27 8,35
Rejection %) 21 20 20 16 13
Feed eond tmSfem) 7,13 7,08 7,76 7 B0 7,80
Farm cond [mB fem) 707 707 7.70 T, 76 7,79
4.1.7 - icrpfilgr i r Overflow, Clarifier Feed

and Noodle Wafer

The SAPPI Cape Kraft Mill was designed with a closed loop effluent system using
nolvalectrolyie dosing and clarification. The mill prodvces both test liner and fluting
from waste paper.

The ciarifier overflow contained a high level {200 to 400 mg/f) of colloidal and
suspended solids which cavsed corrosion problems and possibly effecied paper quality.

To overcome this problem an efTluent bleed stream of 2080 to 30 a3 /d was discharged
to Milnerton Sewerapge Works.

Cross-{low microliltration was investigated as a method of -
{i)
(i1)

removal of ¢olloidal and suspended solids from the clarilier overllow,

removal of TDS and sulphate to provide for higher water recyele or to meet
the discharge specification without dilution.

The microfiltration pilot-plant (Appeadix 4.13} consisted of a single tube element
of diameter 40 mm and 30 m in length,
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The experiments were carried out with an inlet pressure of 300 kFa, a pressure drop
of 100 kPa and a tube velocity of 2 m/s.

Alum was used as a precoat layer and where required as an effluent coagulant.

The effect of the following chemicals on permeate flux was investigated : HTH,
polyelectrolyte, starch, rosin and caustic.

Experiments were conducted on clarifier overflow, clarifier feed and noodle water,
analyses of which are given in Tahles 4.1§ and 4.17.

TABLE 4.1%
CLARIFIER DYVERFLOW FEED ANALYSIS

D;;te 8.2 2.5 5.3 a3 73 2.9 133 183 18.3 .3
Type | Fluting | Fluting Fiating | Flutiog ] Linear | Linear | Fluting | Export | Export | Export
pH 433 4,30 4,20 4,20 4,00 8,75 434 424 4,17 4,74
Cot 1,31 137 102 I 56 158 155 1,84 LM 187 EST2
TS | 361 9,42 1,36 295 211 4,57 196 3,26 2,80 411
TS 345 B 207 255 2,86 4,02 1,60 205 oz -
58 0,16 - 0,18 0,54 0,26 et 0,54 0,33 0,27 -
TOC 1,50 180 1,48 175 104 2 160 L83 1,88 LED
Ca 0,20 - - - - - - - - -
Mg 0,02 - - - - - - - . "
al | o1 - - - - - - - - -
80y 0,37 - - - - . - . . B}

All determinsnds in g/ ¢ except pH ond conductivity - m3fcm

TABLE 4.17
CLARIFIER FEED AND NOODLE WATER
Type Clurifiar Clorilier Noodle Neodle
Tand [eud water water
pH 4,20 4,28 5,70 558
Cond {mdfcm} 1,83 1,36 .7 473
TS /0 558 6,01 18,15 17 A8
DS (/0 5,19 3,30 13,88 -
85 {xff) 237 2,37 427 -
TOC (5/E) 158 184 B8 T.558

Results of the ¢roass-flow micrefiltration of clarifier overflow are summarised in
Table 4.[8 and 4.1%

Product quality did not dateriorate at high water recaveries. No major differences
were found with or without alum addition,
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TABLE 4.18
MICROFILTRATION OF CLARIFIER OVERFLOW - SUMMARY OF RESULTS
Tima Type Flux Water Fead Tank Polnt Product
FECOYALY TDS 838 TOO T8 TDS 38 TOC
{h) (£fmh) (%) (me/8) | (o) | (mesl) | (mgfE) | (matl) |(mesf)] (me/)
28 Fliting 48 9'?_ 11 595 5 535 3035 4 M0 4 298 L2 | 1774
40 Fluting 1 1] 4 59T - 2 OE0 4 558 4 628 40 1TT4
18 Fluting 40 41 5 5EB 4 652 2014 4 350 4 208 42 18636
20 Fliting 40 G 4472 A 632 2 048 3 980 5052 18 1812
44 Linear ar Fi] 4 300 374 2016 3 BBD 3848 33 1 ¥EG
&8 Lipaar a0 7] 5 350 A 514 2943 - - - 1738
27 Lio/Flut a7 L5 8212 E 052 1903 1508 5472 28 1087
16 Effluent ad 1] 13 747 5 747 3 08BS 4 163 4 151 12 1677
it o] Effluent 42 98 10 148 4 488 2 @40 4 Jdd 4284 1a 1 6437
20 Effluent 19 T8 5 857 4 503 2 500 4 993 4 974 19 2463
TARBLE 4.1%
MICROFILTRATION OF CLARIFIER OVERFLOW - PRODUCT QUALITY
Watar Fusd Caleulatad Ovarall Product

Recovery TS TDS 55 TOGC TS TDS 55 TOC

(%) (mgfd) j (mgtd) | (mg/f) | (mgfl) | (me/d) | (/) | (mefd) | (mefid)

a7 3810 3 461 158 1 800 3 380 3 380 1] 1 86T

G5 3 426 3286 (159) 1903 - - - 1820

] 3 B8R0 2672 154 1 B&d 214 2174 - 1821

i{1] 2 o904 X 853 M1 1762 1 984 1984 Li] 1550

50 Jil4 2z BES 158 1943 1572 18972 b} 1873

65 4 674 4018 686 2 0D - - - 1 487

a2 1548 1604 Jd4 1 654 1293 1293 - 1 887

8 A 253 2928 338 1628 2 BQ7 2 807 ] 1 566

o] 3287 J023 274 1 864 29561 2951 [H 1 606

Y8 4113 3 339 24 1798 T 824 3824 0 1 584

The results of microfiltration of clarifier feed and ncodle water are given in Tahble
4.20 and the estimated overall product in Tabla 4.21.
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TABLE 4.20
MICROFILTRATION OF CLARIFIER FEED AND NOQDLE WATER - SUMMARY OF
RESULTS
Water Fasd Tank Point Prodoct
Time Flux TECOVEry 839 TS 58 TOC TS TEBS 85 TOC
m [em | 8 | (e { (merd) |(merty | (mest) | (met) | (metty | (out) | (mes)
Clarifier Fasd
- | 9 »» 10125 £ 102 5 023 ZTID 3847 3 T 4R 131
x5 9 55 10 a3 4371 5 791 3 550 4 318 43118 28 1512
Meoodls Watar
3 1B 50 28 40D 18 00D 3490 8178 B 581 B 591 39 3 4BE
7 15 an 15713 - - 8 7hd {3 642} {3 642} - 2042
TABLE 4,21

MICROFILTRATION OF CLARIFIER FEED AND NOODLE WATER -

PRODUCT QUALITY

Waker Faud Calculated Overall Product
CECOVETY TS TD3 55 TOoC TS TLS 85 TOC
(%} (mgft} | (mg/f) | (mg/d) | {mgil) | (me/E) | (we/l} | (wa/f) | (maff)
Clarifier Fued
ab b BBT 3 187 23710 1 B85 1476 1 476 1] 1139
ab 6 007 3345 2 olE 1 840 1166 Z 166 1] Bl2
Noodla Water
] 18 1406 i3 ata 4 26B 5 T8l 2711 9711 1] 3 363
1] 17 480 - - T 840 - - - & 5]E

The product quality in terms of suspendad solids was excellent and significant TDS
and TOC removals were achigved,

It was Found that the polyelecteolyte used in the clarifier had ae effect on membrane
Flux dut that the rosin used in liner production and the starch additive gave large
Flux declines. Remaoval of both colloidal and suspended solids was almost complete
for the three types of effluent, and product quality did not deateriorate at high water
recoveries,
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4.2.1

4.2.2

- CROFILTRATI F T RY EFFL.
Introduction

Tanneries are processing factories that take in raw or semi-pracessed amimal hides
and convert them to a usable end-materisl. They can be divided into chrame
tanneries or vegetable tanneries according to the tanning agent wsed. Recently
"wiei-blie" tanneries have become maore common.  In these, the mw hide is processed
only to the chrome tanning stage, rather than to the final leather product, Whila the

processes within each tannsry vary in detail, a gensral outling of operations remains
COmMmEn,

Tannery effluent iz in general characterised by high levels of crpanic material {proteins
and fats), suspended solids and dissolved solids. It may alzo contain salt, antiseptic,
chrome, vesetable tannin, dyes and lacquers, depending on the particular processes
used.

Dizposal of such effluents is problematical. Lagooning and spray irrigation are
possible but not advocated by the Department of Environmental Affairs. Discharga
to municipal sewers after some on-site pretreatment is extremely expensiva, as tha
effluents exceed the discharge limits imposed by municipalities.

Cross-flow microfiltration was investipated as a method of pretreating tannery
efflnent, prior to discharge, spray irrigation or reverse osmosis. A number of
different tannery effluents were {reated,

Cross-Tlow Microfiliration of Chrome Tanngry Efflgents

Efflvents from three chrome tannecies, Hanni and Sons (Pty) Lid., 5A Bata Co. Lid,
and Silvericn Tannery {Appendix 4.14) were treated by cross-flow microfiltration
in an experimental unit with the following specifications :-

Tube description . Single - 5wiss Woven Polyester
Tube dimensions o 19mx 12 mm

Pump :  bono pump 332

Circulation velocity i 13t L7 mfs

Inlat pressure : 120 w0 170 kPa

The single hose was suspended above a gutter in a linear configuration.

The effluents were first passed through a bare microfilter tube prior to testing the
effect of diatomaceous earth and aluminium hydroxide precocats. The effact of
adding a polyelectrolyte to the effluents was investigated. Chemical analyses of the
effluents are given in Table 4.22.
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TAELE 4.22
ANALYSIS OF CHROME TANNERY EFFLLUENTS
Analysin SA Bata Hannt & Sona Silvarton
Co. Lid. Pty. L4d. Tanmery Co. Ltd.
pH 7.6 50 T9
Cond {ra8fem} 76,2 17 16,1
TDE (/& 17,6 16,5 10,2
Orghnic solubles e/l 2.4 ad 1.4
Agh {mg 8 B2 17,1 ga
Chlorida [mg/E) 6 753 Tor: 2 980
Sodium (mgfl) 3128 5712 2 851
Protein {Falin) [rag/ &) 1712 1012 432
TOG {mg/L) - 484 400
ic {mg/8) - ] 71
TC {mxft) 1028 488 180

The effluent fror: Hanni and Sons {Pty) Lid., contained flocculated suspended matter.
The flux obtained ranged from 316 ¢/m?h after ane hour to 250£/m2h after 2,6 hours,
‘The effluent formed a deposit cn the hose during cross-Flow microfiltration. The
permeate obtained was clear,

When diatomaceous earth was used as a precoat, the flux obtained was 20 ¢/m2h over
a two hour period. The permeate obtained was clear,

Aluminium hydroxide at pH 7 was used as precoat to Milter effluent from SA Bata
Lid. Co. The flux dropped to 64 #/m2h after one hour and then ta 10 ¢/m3h after
23 hours, Analysis of the permeate samples showad no significant rejection of
constituents. Using a diatomacecus sarth precoat, a batch concentration test was
conducted over a twenty hour pericd. The permeate flux decreased from 43 o
9 ¢/m?h for a permeate recovery of 72 %. At a higher Flow velocity, the permeate
flux decreased from 71 &/meh, after balf an bour, to 67 £fm2h after 6 hours, A
clear permeate was pbiained, with np significant rejection of constituents.

When effluent from Silverton Tannery was filtered without any precoat, the permeate
obtaingd was not ¢lear, Using distomaceons earth a5 4 precoat and a flow velocity
of 1,7 m/s, a permeate fiux of 20 ¢/m2h was obtained after 2 hours of operation,
dacreasing to 10 #/m2h after 4,5 hours. At a higher feed velocity of 2,7 m/s, the
permeate flux decreased from 69 &/m2h, after half an hour, to 41 £/m2h after 4,75
hours. A clear permeate was obtained, with no rejection of dissolved constituents.

The effect of polyelectrolytes on permeate flux was tested by first forming a
diatomaceous earth precoat on a filter tube. This gave a water [lux of 120 &/mb
after 24 hours. Polyelectrolyte, Zeetag 92, was added to the circulating water at a
dosage of 50 mg/f. The water flux deereased to 58 #/m2h after two hours, and to
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53 ¢/m?h after 4 hours. The test was repeated using Magnalloc-1011. The initial
water flux of 84 ¢/m®h decreased to 65 &/m2h after one hour and to 62 £/m2h alrer
4 hours, upon addition of the polveleciralyte.

«Tlgw tion of Wei-Blue Tannery Effiuents

Compaosite samples of wet-blue tannery effluents from General Hide Corporation
were abezined (Appeadices 4.15 to 4.39).  An cutline of the operational sequence
and the source of these effluents is given in Table 4.23.

Analyses of the effluents referred to in Table 4.23 are given in Table 4.24,

The eross-flow microfiltration of sample | (*soaks’ effluent) without pH correction
{tH 7} and without a precoat, gave a permeats that was turbid.

Eaboratory tests showed that at pH 4,5 and 5,0, sample ] formed 2 precipimte.
Cross-flow microfiltration at pH 5,0, gave permeate fluxes that decreased with time
and increasing feed concantration, Suspended solids were rejected. With an alum
precasat, fluxes of betwaen 18 and 28 &m?%h were obtained over 2 wide range of total
solids congentration, Permeata samples gave a tosal carbon rejection of 33 % and
a protein rejection of 64 % after 15 hours of toml recycle. At o total solids
concentration of 210 p/# the total carbon and protein rejection was 49 % and 56 %
respectively. The permeates were clear. At high water recoveries, the pH of the
efTluent tended to rise quickly from pH 5,5 wo above pH 7.0,

Cross-flow microfiltration of sample 1, using a diatomacecus earth precoat, gave
inconsistent results. In the First test, the permeate flux dropped from 164 ¢/m3h to
30 £/m2h over 4 hours. The permeate flux in a second tast decreased from 321 &/m2h
to 34 ¢/m2h over 4,8 hours, dropping to 16 £/m2h after 75 hours. A total carbon
rejection of betwaen 14 % and 30 %, and a protein rejection of between 12 % and
30 % was obtained, In a third test the permeate flux decreased from an initial
1 072 &/m*h to 26 £/m2h after 6,2 hours and to 12 ¢/m®h after 38,4 hours. Total
carbon rejections of between 7 % and 13 % were obtained. In all three tests permeaate
samples were clear. These discrepancies in flux values are thought to be due te
cleaning of the filter tubes after test one and to the fitting of a new fiiter tube after
test two.,

Alum and diatomaceous earth precoats were used for the cross-flow microfiltration
of sample 2 effluent. Using &n alem precoat, and afier 4 hours, the permeate flux
was 30 &/m2h and after 48 hours, 32 #/m?h at 60 % permeate recovery. Total carbon
rejections of 35 % weara obmained as wall as low rejections of sodium, chloride,
calcium and sulphate jons.

With a diatomacecus earth precoat, the Flux was 24 &'m3k after 4 hours and 14 #/m%h
after 19 hours at 75 % permeate recavery. Total carbon rejections of between 12 %
and 30 % were abtained and permeate samples were clear.
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TABLE 4.23
SUMMARY OF THE OPERATIONAL SEQUENCE AT GENERAL HIDE
CORPORATION AND SOURCE OF THE EFFLUENT

Cparation ¥olume of
numbar ef fluent
invalved
kifa
Lime Section Sank de-hair 1 330
L 2 176
Waah | 330
Fleshing 4
Chrome Seckiom Ficot wash 5 ng
Second wash il 09
Drefime including bate T 13,k
Wash n 0.9
Fickle, chroma tan & besify L -
. Wash 10 209
Total 180,31
Exnmination of the chemical anatywes indicste thet the of[luents tan be divided mto the following
groupe -
Groop A :  Hombem 1, 5,8, 7.8 Totel volume = 180,8 kf
Group B 1  Nombers 2 3 Total volume = 508 ki
Group O :  Mumber 10 Tatal velume = 20,9 ki

Effluant A i# relatively 'claan' efflusnt.
Effluent B comprines tha high oM, high orgenie contant sffluente,
Elfluent C in tha only acidiz effluent.

TABLE 4.24
ANALYSIS OF SAMPLES FROM BLUE-WET TANNERY
Sample Sample I Effluent A | Sampla2: B+ C |Sample 3: B + © + Ferric Sampie 4:
Supernatant liquar | Supernatant llquer | <hlotide Supsenatant | Clard-[occulator
framm pealima soak 1 + | from 2 and 8 + 10 | llquer fzom 2 and 3 + 10 Suparnatant
pra-chronae eflluents 5, balora Tarre after ferric chloride
4 7Tand 2 ehlarjda additlen additlon
pH 751 7,88 3,40 2,51
Cond [mS/em) 4,03 17,55 o,75 20,5
COD 5 Gt € 280 13 610 3 220
TOC 18T 2 360 232 613
c L+ ] 187 7] 50
TC 2 b 2524 G472 -1}
TDS G old 12 2B 7 826 20 820
Organic solubles A 814 14 038 i1l oe3 13 G0
Ash & 150 4502 6 763 & 360
Chlorides oo 3123 5 080 & 236
Sodium T18 4 150 4 200 4 aGh
Calcium 23 268 385 336
Sulphide 8= 45 4,0 ND KD
Sulphats od € 830 980 5 170
Cr= 0 14 28 20
Fe Frea and raline NHa o9 & 136 70
Protain (Folin) $ 620 7 750 3 300 4400
All values axespt pH and cogduetivity o mg/L
NI not detected.

Cross-flow microfiltration of sample 3, taken from a pilot plant, and containing
Ferric chloride as a locculant, gave 3 permeate that was as clear as the settled clarifier
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L]

supernatant, This sample had 5 pH of 3,1 and a high soluble iron caontznt, some of
which was in the ferrous state. The flux, in batch coneentration mode, ranged from
87 to 35 ¢/m2h aver 6 hours.

Ferric chloride was added to sample 2 to simulate sample 3. However a flux of only
L] £/m?h was obtained. This difference in permeate flux may be related to pH and
and totzl ferric ipns, Samples 3, 4 and the parmeats from sample 2 treated with
ferric chloride, all coatain Ferrous iens, This is undesirable for subsaguent
hyperfiltration, as the effluents have an extremely low redox potential. Ferric
chloride is ¢onsiderad unsatisfaciory either as a oe for ¢larifier treatment, or as 2
membrane medinm. Aluminium hydroxide {(alum) was tharefore used as a precoat
for cross-flow microfiltration in subsequent investigation.

ross-flaw Microfil ign of Curin tar:

This effluent was a blend of skin drainage and salt washing effluents containing
ferric chloride and ferric hydroxide. Prior to cross-iflow microfiltration, the effluent
was passed through a 4 mm mesh screen to remove hair. Mo lurther coagulation/
flocculation was undertaken.

When the effluent was filtered by cross-flow microfiltration (Appendix 4.20), the
permeste MMux dropped from 39 &/m?h to 34 ¢&/m2h after 24 hours, and then o 18
¢/m2h alter 78 houwss in the total recycle mode.  Afier two continuous sets of batch
concentration and total recycle runs, the flux had dropped to 13 &/m?h at a feed
concsntration of 510 g/L.

A nalysis of samples taken indicate an initial total carbon rejection of B.5 % increasing
to 25 % with increasing wial solids.,  Sodium chloride, ferric and sulphate jons were
also rejected. Permeate samples were clear.

CROSS-FLOW MICROFILTRATION OF COOLING TOWER
BLOW-DOWN

A cross-flow microfilter plant was installed at the Eskom Grootvlel Power Station,
to treat cooling tower blow-down water o 4 standard suitable for feed to a reverse
osmosis plant (Appeoadix 4.21).

Chemiczl analvses of the blow-down water and the permeate from the ¢ross-flow
microfilter are given in Table 4.25. For comparison, an analysis of recarbonated
water is also given.

Permeate production rate was poad, with 4 flux of 240 &/m2h after 23 hours. Flux
performance data for the cross-flow microfilter are given in Table 4.25

A suspended solids rejection of 100 % and a silt density index of 3,1 wers recordad,
Due to alum addition there was a 2 % increase in dissolved solids.
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The fluxes indicate that an acceptable cleaning frequency of 24 to 48 hours would

be required by a production unit and that a high quality water can be produced.

TABLE 4,25

ANALYTICAL ANALYSES OF BLOW-DOWN WATER, RECARBONATED
WATER AND CROSS-FLOW MICROFILTRATION PERMEATE

Annlysis Qealing Recorbonoted CFMF
tower waker waker permaske
H 413 i 8,51
anid {mS{em) 1,01 0,07 1,18
TD3 [mxf L) L1 ] a0é 847
53 {mg /L) B4 14 [
50y {maf ) 315 195 345
cl (mai) 516 85.0 9,1
Na {maft} 156 160 17%
Fa {ooa/E} 0.5 o o
Al {ma /L) 1,95 0 [
Organic cacbon (g E) 20,0 23,5 25,0
Inorganiz carbon img/ &} 365 23,0 39,0
sDI (mg/t} . - 3.11
TABLE 4.26
CFMF FLUX PERFORMANCE DATA
Running Cparating Flux
time presaure
{rs) (kPa) (£/m3n)
0a 00 540
1.5 (21 1] AS0
8,6 a0 210
28,0 990 240
44 -FL LATED FISH
44,1 Introduction

NT

I & J fish packaging in Cape Town, produce an effluent from the washings in the
Fish processing factory. The effluent has a high COD. Cross-flow microfiltration
was cofsidered as a process which could be used to pretreat the effluent
[(Appendix 4.22).



4.4.2 Experimental Data and Results
The Fish effluent was simulated by adding 100 g of minced hake (1 & J Frozen Hake
Fillets) to 25 £ of water. This was mixed well and allowed to stand overnight before
being passed through 4 2 mm mesh size scresn.  Analysis of the simulated effivent
is given in Table 4.27.
TABLE 4.27
ANALYSIS OF SIMULATED FISH EFFLUENT
Hun TS a5 pH Cond TC TOC oD
no. {e/f) {g/t) {mS{em) {mg/ &) (mg/f) {me/8)
i 0,312 1,70 71 0,28 220 125 619
2 0,294 33 68 0,29 76 azs 216
3 1,160 0,14 7.8 0,42 180 71 191
4 1,160 087 7.7 0,44 140 7% 188
5 1,50 127 57 0,29 115 2 an
The experimental unit used had the following specificatians :-
Tube type :  Slingle Swisz woven polyester
Tube dimensions D 1Z2mmx19m
Tube configuration + Linear, suspended abave 2 gutter
Feed velocity LDt 24 ms
Feed pressure v 200 te 150 kPa
Time of tun ;2,0 to 23 hours
Precoat : Limestone and diatomaceous earth
Cross-Mow microfilter performance data are given in Table 4.28 and analyses of the
permeate gbiained in Table 4,29,
4.5 W F SORGH BEER
4.5.1 Introduction

An investigation was conducted on sorghum beer (iJuba from the Congella Brewery)
to determine the feasibility of clarification using the cross-flow microfiltraiion process
{Appendix 4.22). Sorghum bear i3 made up of suspended sclids {starch) in a liguid
containing disselved solids, sugar, yeast, alcohol and salts. The total szolids
concentration is 47 g/#, comprising 22 g/¢ of dissolved solids and 25 g/¢ of suspended
zalids.



TABLE 4.28
RESULTS OF THE CROSS-FLOW MICROFILTRATION OF FISH
EFFLUENT
Hun Tims Tamp FPresgure Velccity Perm Flux
na. in im rate
{brs) (*C) {5Fs) {xPa) {4/} (&/m3h)
1 55 - 210 1,8 LY 4
2 55 - 200 18 1 a7
a &5 a7 250 10 14 18,1
4 53 15 260 2.8 47 63
5 dd i 350 32 P 59
8 42 8 250 - N 8 51 Tl
7 40 80 260 2.1 458 B4
B 2,0 26 250 2,6 E,5 74
5d 8s 300 . 0.5 128
Ba 0,0 i) 350 - & an
1.0 - 350 - B.1 i1
FLE 36 280 - 2,1 64

Note : Run no. 82 s thy ¢antinuation of run no. 8 after the nddition of 26 £ of fresh, acrasned
fish effluani.

a7

TABLE 4.2%
LARORATORY RESULTS FROM THE CROSS-FLOW MICROFILTRATION OF FISH
EFFLUENT

Aun TE (g/€) 53 [gfl) pH Cond [mBfem) | TO (mgff) | TOS (mgff) | 00D {ma/l)
no, | Feed | Poemn | Feed | Farm [Feed | Ferm | Feed | Perm | Feed | Perm | Fead | Perm | Fesd | Perm

1 | 0312 . L7 . 71 - | o2 - 220 - 128 . 619 -
- 000 | « Jopog | - | B4 - 0,185 . 30 - 21 -~ | 283

- LR - 6,013 - 80 - 0,187 - 30,56 - ns - a2

2 0,294 - . - 8,9 - 0,23 - TE - 25 - 25 -
- 9,30 - .02 - T8 - 0,208 - 40 - % - 328

- lone| «» |Jogra]| - | 72 . G214 - a0 - o . -

3 | 1,18 - o] - v8| - | o4a - 160 - 71 - 1 -
- 0,18 - 0,0¢ - a1 - n23a - &0,5 - 18,5 - 31,3
- nig | - | o004 | - &1 - 020 - | 305 - 2.5 - {834

4 | 1,16 « |oar]| - 7] - | 044 - 180 - T8 . 188 -
. o2¢ | - |owse | - | 7% - 023 - Pl . 18 « | 352
- 017 | - | om | - | ap - 0,28 - 26 - L « | 258

5 15 - 1] - 7] - Jo - 115 - 72 - e -
- 007 | - Jooss | - | oa - 0,16 - | 305 . 7 - | w2

- ogr | «- Jopox{ - | sa - 0,16 - 0 - 154 - 28

4.5.2 rim and Resul

The experimental unit had the following specifications :-



Tube type

Tuhe dimension

Tube eonfiguration

Feed wvelocity
Feed pressure

Run times
Precoat

Crass-flow microfilter performance data is given in Table 4.30 and analytical results
in Table 4.31.

Single Swiss wavan palyester

IZmmxLl9m
Linear, suspended above a gutter
2 m/fs
250 kPa
I hour
1y None

2) A combination of ¢oarse and fine grade diatomaceous

earth

TABLE 4.30
RESULTS OF THE CROS5-FLOW MICROFILTRATION OF

SORGHUM BEER

Precost Temp Perm Fressurs Flux VYelociby
rete in
(e (£/h) {kP3) (#/mh) {m/u)
None 25 0,42 150 6,0 2,0
50 mf Celite SEN a5 36 220 51,8 22
160 mé Celite 500 [ 4.4 240 58,6 a
TABLE 4.31
ANALYSIS OF SORGHUM BEER AND FERMEATE PRODUCT
Tatal =olida Total dispolved solida Suspended dolida
Fead Parm Fand Parma Faad Pearm
{214) (e/f) {e/8) (e/f) fe/g) fa/d)
- ala - 218 - 10,14
46,66 5 219 219 34,76 L45

4.6

4.6.1

R -FLOW MI

EFFLUENT

Introdecilion

A ligninfaieohol slurry is produged from lignin during fermentation experiments
canducted at the Sugar Milling Fesearch Institute.
investigated as a method of concentrating the slurey (Appendlz 4.24).

FILTRATION OF SUGAR PROCE

Cross-flow microfiltration was




4.6.2

4.6.3

In addition, the Union Co-operative Bark and Sugar Company, motivated by a critical
water shortage during the 1983/84 drought, investigated cross-flow microfiltration
as 2 means of treating factory effluent for reuse purposes. A cross-Flow
microfiltration/hyperfiltration piant was installed on site.

Experimenial Daty for the Cross-flow Microfiliration of Lignin/Alcohol Slurry
The experimental unit usad had the following specifications -

Tube description :  Single Swiss woven polyester

Tube dimensions D 2 mmx 19 m

Tube configuration * Linear, suspended above a gutter

Precoat : 13 Nope

2} Diatomaceous =arth.

With no precoat, and a feed total solids concentration of 66 p/f, the reseiting permeate
had a total solids concentration of 17 /¢ with a flux of 60 £/m2h afier 40 minutes.

With a precoat, and a feed toal solids concentration of 50 g/€, the resulting permeate
had a woial solids concentration of 17 g/¢ with a flux of 1003 £/m2h at 40 minotes.

Experimental D - v
Clariflier Overflow fro - Bark and Sugar Compan
The pilot plant had the fallowing specifications :-

Tube type :  Woven polyester single tube
Tube dimensions o 23mmx liEm

Tube canfiguration :  Spiral ~ supported in a tray
Design flux t 50 &/m2h

Pump : D25 Hydracell

Run tima 5 t0 72 hours

Inlet pressure + 600 kPa

Outlet Pressure ¢ Gto 100 kPa

Velocity L3t 1.9 mSs

Precoat ¢ None

Chemical dosage ¢ Ferri¢ chloride

The composition of the activated sludge clarifier overflow is given in Tabls 4.32

TARLE 4.32
EFFLUENT CHARACTERISTICS
19
{mg/E) 19
(mgf ) 1 400
(mg/L) 1 330
twmg/ ) 131




Ta

A total of 11 tests were canducted on the cross-flaw microfilter pilet piant {Appendix
4.25}. Tests aver 72 hours showed that a Flux of 40 to 60 £/m2h could be expected
from the unit. Over this time period, the flux dropped from 80 to 45 £/m’h at
$00 kPa inlet pressure to 28 &/m?h at 500 kPa.

Pressure drop tests were conducted. These show an average pressura deopr of 3 kPa/m
at an inlet velocity of 2 m/s. However, there is an increase in pressure grop as the
coil diamater decreases,

A COD rejection of 14 % was obtained, and an average of 3 mg/¢ suspended solids
iy the permeats was measured.

4.7 CROSS-FLOW MICROFILTRATION OF RAINBOW CHICEEN
EFFLUENT
4.7.1 Introduction
Efflueat from the Rainbow Chicken Farm {Pty) Ltd. was treated using cross—flow
microfiltration (Appendix 4.26). The effluent arises from the daily washings of
the slaughter house and is charagierised by high COD concentrations.
4.7.2 Experimental Daia and Resglts
The experimental anit had the following specificatians ;-
Tube type ¢ Single Swiss woven Polyester
Tube dimensions : 1.9m=x 12 mm
Tube configuration : Linear - supparted above a gutter
Feed velocity : 1.5 mfs
Feed pressure : 500 eo 140 kPa
Run time : 1.3 o 1.5 hours
Frecoat : 1) Mone
2) Aluminium hydroxide
Run mode 1) Total recycie
2} Baich concentration
Chemical analyses of the affluent is given in Table 4.33.
TABLE 4.33
RAINBOW CHICKEN FEED
ANALYSIS
Feed
{ecreened)
pH 8T8
Cond (mSfcm) 0,258
53 {mg/f) 0,73




4.8

4.8.1

4.8.2

4.8.3

4.8.4

4.8.5

I

Initially the effluent was cross-flow microfiltered, in total récycle mode, without a
precoat on the Filter tubes. Continual pinhaling occurred, with tha flux dropping
from 1 121 &m?h to 35 &/m2h over 1,3 hours. The permeate quality was paor.

A second test, with an alum prec¢oat, was conducted. In total recycle mode the flux
decreased fraom 828 £/m2h to 473 £/m2h after |15 minutes. In batch concentration
mode the flux was 108 &m2h at 30 % water recovery. The permeate showed a
160 % rejection of suspendad solids.

CR -FLOW M Tl YARI A E
STREAMS

Introduction

Five process streams were tested on a bench scale cross-flow micrefiler wnijt
(Appendlx 4.27).

Lahprator al 0SS = fil

The laboratory scale experimental unit had the Following specifications ;-

Tube type + Single Swiss woven polyester tube
Tube dimensions : S5x1mx12mm

Feed velogity : L mfs

Feed pressure ¢ 80 to 100 kPa

Tube confizuration : 5 x I m linear tubes in parallel

Tests were conducted with and without a diasomacegus earth precoat.

ross-[lgw i Gas L

The ¢composition of the stripped gas liquor and of the permeate from the microfilter
is given in Table 4.34, A precoat of diatomacecus earth was used.

5= fi Tower -

The composition of the cooling tower blow-down water and that of the cross-flow
micrafiltration pecmeate is given in Teble 4.35. No precoat was vsed,

ross-Tlow Microfll{ratipn o-gffluen ctivated slud rnalant

The composition of the bio-efflaent and that of the c¢ross-flow microfiltration
permeate is given in Table 4,36, Diatomaceous earth was used as a Filter aid.



TABLE 4.34
COMPOSITION OF STRIPPED GAS LIQUOR (SGL)
AND CFMF PERMEATE

Fasd QFMF petmante
=371 ool .
Cond [mBfem) 2 700 2 180
TDS {mg/t) 1188 1 588
Fe (ro/E) 110 -
el (mgl) 1] -
B0y {rogfL) 257 -
NHz (mg/ ) 282 -
P Alkali (mgff) 100 -
M Alkali (mg/f) B2E -
coD (mgf¥) 1 330 1080
Py (mg/t) 06 -
THM (tngf£) 47E -
Turbidlty 15 .
TSS [GFA) {mg/£) 80 3
Na {mgfE) 108 -
K {mg/L) te -
Ca (mg/ ) 1.8 .
Mg (mg/f) 04 -
Fe (g /) 43 -
TABLE 4.35

COMPOSITION OF COOLING WATER BLOW-DOWN
AND CFMF PERMEATE

Fand CFMF permente
Caond [mSfem} 7210 7 M0
TDS (e L) 4 800 4 408
coD (mgfE) 184o 1040
Turbidity 180 18
TS5 (GFA) {me/E) . 542 154
TABLE 4.36
COMPOSITION OF BIQ-EFFLUENT AND
CFMF PERMEATE
Fezd CFMF putriante
Cond {m3/em) 3 08D 12e8
CoD {mg/8) B0 A0
Turkidity 140 1,2
TS5 [GFA) {mg/f) 320 10,8

-



4.8.4

V3

Cross-flow Mi I Filir

The composition of the dwal media filter and the cross-flow microfilier permeate is
given in Table 4.37. This effluent was tested on an experimental unit at Secunda
(Appendix 4.28). A diatomaceous earth precoat was used.

TABLE 4,37
COMPOSITION OF DUAL MEDIA FILTRATE (DMF)
AND CFMF PERMEATE
Feed CFMF perments
pH 7,55 -
Cond {mSfem) 2048 2 B30
TD2 frog/ &) 1 576 1184
F fmg/) 120 -
1 (mg/ £} 108 -
S0y (/) 4109 -
NHj (mi/£) | -
P Alkali (mgf £} 405 -
M Alklai (eog/ £) - -
coD (me/E) 476 60
POy {mg/ ) 0,12 -
TKN {mg/¢) aTa -
Turbidity 51 0,74
‘I58 [GTA) {mg/ L} 164 &2
Na {mg/ £} 52,6 -
K (mg/ &) 33,5 -
Ca fmg/€) a4 -
Mg fengfE£) 22 -
Fe fmg/f) 8,5 -
Cr {me/E) 11 -
4.8.7 Cross-[low ation of Mine Walte

The composition of the mine water and that of the cross-flow microfilter permeate
is given in Table 4.38. A diatomaceous earth precoat was formed on the tubes.



TABLE 4.18
COMPOSITION OF MINE WATER {MW}
AND CFMF PERMEATE
Faed CFMF parmeate
Cond {mﬂfcm] 1190 2 160
TDS mgf£) 1530 1182
F {mg/£) L] 24
ol {mg/ £ a5 B4
50y {rg/£) 4aq 500
P Alkali (mg/E) 0 28
M Alkalt (mg/E) 650 530
Turhidity 73 08
TES (GFA) {mg/d) es 1
Ma {mg/ €} 542 550
K (mg/t) 55 12,1
Ca {mg/ 8 21 9
Mg {mg/L) 14,8 14,9
Fa {rg/ ) 1 i
Teatal afl B 1.6
4.8.8 Cross-flow Micrefilter Perlormance Data

T4

The five streems were treated on the cross-Tlow micrafilier without any flocculation
or pH correction,

The Fiux data given in Tables 4.39 to 4.42 are nat true quantitative resuits. They
can only be used to differentiate betwesn an easily filterable efflusnt and a problematic

effluent.

The decrease in flux rates aof the bio-affluent and dual media filtrate are probabiy
The dacrease in flux rate on the DMF is not

due to the calleidal particies present.

as pronounced as the bio-effivent and can be attcibuted to lower salids concentratian

and to the diatomaceous earth precoat.

TABLE 4.39

CROSS-FLOW MICROFILTRATION OF
COOLING WATER BLOW-DOWN (CWED)

Time Flux Preasure Commenta
{hra) {¢tmin) (xPa)
0,00 [TR &a Batch
2,00 26,1 ]3] Bakch
3,75 233 1] Bakch
5,20 220 g0 Bakch
6,20 iZ6 50 Batch
22,00 18,2 g0 Recycle




TARLE 4.40
CROSS-FLOW MICROFILTRATION OF BIO-EFFLUENT
Tima Flux Prassurs Oomments
{hr) {&/mZh} fkPa)
0,00 o a5 Turbid « added diatomoceous aarth
0,15 12,1 a5 Turbid - added diatomaceouns esrth
0,50 14,5 85 Hateh
1,46 104 B Batch
2,25 B 85 Bateh
276 84 85 Batch
4,75 8,1 &5 Batch
8,00 7.4 80 Bateh
8,50 6.8 &0 Bsich
TABLE 4.41
CROSS-FLOW MICROFILTRATION OF DUAL MEDIA FILTRATE
(DMF)
Time Flux Fremsure COommante:
{brs) {£/m?k) {kPa) Prucoat: diatomacesus earth
0,00 52,0 H Eifluang
0,50 35,0 100 Batch
0,75 30,2 100 Batch
1,00 8.3 100 Bateh
3.0 20,0 100 Beakch
E,50 13,0 a0 Batch
Stop bo clean tube and precoat
0,00 55,00 100 Batch
1,00 26,00 100 Batch
TABLE 4.42
CROSS-FLOW MICROFILTRATION OF MINE WATER (MW)
TIme Flux Prassurs Commant:
(hre} {&tmin) (¥Po) Pracost; dintomaceous earth
0,00 E{HI] 100 Bukch
20 100 100 Batch

T

From the analytical data it ¢an be stan thai cross-Ilow microfiltration is capable of
treating the effluent streams, either to eliminate suspended solids and colloidal masier
Or as 3 pretreatment lor réverse osmosis.
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49 - F METAL FINIS I
EFFLUENTS
A cross-flow microfiltration, hyperfiltration pilet plant was established at a metal
finishing jobbing shop, in an attempt [0 provide an alternative effluent treatment
procass which would allow recvcling of water within the warks and containment of
toxic chemicals {Appendix 4,29},
Cross-flow microfiltration performance data and analytical results are given in
Table 4,43
The effluent containad nickel, cadmium, alumipium, iron, zinc, copper and cyanide,
The cyanida contaminated effluent was oxidised in the conventiopzl mannar after
which it was mixed wich the acid effleent. The combined effluent was treated by
in-lina pracipitation followed by cross-flow microfiltration (Appendix 4.30).
TABLE 4.43
PILOT PLANT PERFORMANCE
Flux atart | Flux and | Watar | pH Croe -Flow Microfilter Feed Composits Parmasts Quallty
batch batch | recovery Cond TS Fa Cr | G| Cond TS | Fe cr cd
(£/m2h) | (&imn) | (%) (msfem) | (g/£) (mSfem)| (g/8)
at 2 o2 |34 o082 065 | 11| 138 32| b2 o0e |ND MDD | ND
24 24 g6 31| 176 105 | 22| 254 237 na4 wle | ND : 1es| o0
38 35,2 et |eg| o047 ara| - -1 - 0,12 - -] - -
ag 11 a¢ [31] 140 - - - a0 | - - - |8p | ND
23 2,9 ﬂ'ﬂ' Tla ll,ﬂ' “1‘75 - 1.5 I].E uuzl Grl? - - -
a4 - 0 |zel 128 o7 | - bara|as| - - - |ND |ND
31 15 6 |39]| b5.07 49 | 152|281 - 1,57 22| MD | - -
ag 4 a |s4] 12 os5a| ov| 45} 1,3 o4l p12 | ND |ND {ND
26 26 92 |24 L7 07a| - | 8s5|sz2| - ND . |ND |ND
a5 8,5 70 |94) 126 100 04l - | - | o2 eiz] -] - -
ND = Mot detectad.
4.10 TION E FFL
Cross=-flow microfiltration was investigated as a treatment method for scour effluents.
Initial tests examined the effect of cross-flow microfiltration on the effluents and
based on resuflts Tall scale treatment processes were developed for a mumber of
effluents.
4.10.1 Cross=-Flow Mi tion of Neutralised Scour Efffuent

Textile scour effluent contains high concentrations of sodium hydroxide, organics
such as waxes and oils, and inorganic saits.
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Scour effluent from David Whitsheads & Sons, Tongaat was treated by cross-flow
microfiltration in an attempt to ramove suspended solids from the effluen: and to
reduce the COD, calcium and magnasium concentrations {(Appendix 4.31).

The experimental unit had the fellewing specifications :-

Tube type : Single Swiss woven polyester

Tube dimension S l2mmx L9 m

Tube configuration 1 Linear, suspended above a gurter

Feed velocity L5 to 36 mfs

Feed pressure : 250 o 380 kPa

Fun times ! 24 hours

Precoat 1 1) kaolins + diatomaceous earth
2) none

3) limestone + diatomacequs earth

4) diatomaceous earth

5) limestone

&) limestone + aluminium swiphate w0 reduce
the feed pH to 6

Prior to cross-flaw microftltration, the affluent was treated with solid carbon dioxide
{(dry ice) to a pH of 8,5. Performance data for the cross-Flow microfilter are given
in Table 4.44 and analytical rasults in Table 4.45.

TABLE 4.44
CROSS-FLOW MICROFILTER PERFORMANCE DATA FOR
SCOUR EFFLUENT
Presaure Yalocity Temp Flux Pracoating
in 4 hea 20 hea slurry
(kPa) [mie) (") (£/mn)
250 12 a0 33 - Kuaslin + DE
260 2,5 40 ¥ - Nons
&0 2,6 38 55 - Limestone 16 + DE
300 2,1 28 28 28 Limestons 15 + DE
ELT 15 19 o 24 DHatomoesous Earkh
ar Ab 20 52 £8 Limastona 1%
ann A 19 a4 &5 Limestons 13
DE - Diatomaceoun 2arth
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TABLE 4.45
A SUMMARY OF LABORATORY RESULTS FROM THE CROSS-FLOW
MICROFILTRATION OF SCOUR EFFLUENT
Run T3 (&/4) 83 (g/f) Ca {mg/£) Mg (ma/t)
no. Feed Perm Feed Ferm Feed Ferm Fead Parm
1 28,7 25,6 16 0,7 a4 176 10,2 9.5
k:; ins B0.E 31 2.2 415 254 12,2 11,7
3 i 223 g1 2.6 831 L) 14,6 T8
4 - - 3,0 a0 s 4,6 T o4
b - - 20 11 4.9 24,1 76 7.8
[ 276 25,6 148 048 b 25 4.4 3,0
ki 358 232 8.3 0,0 1825 3.1 a4 R
Qriginal 34,1 - 0 - 204 - 4,8 -
fand
Run tie. T hade alum addad b tha fesd to eeduca tha pH to 6.

4.10.2

Cross-[law Micrefiltcation of Chlori 1S ES[l

A sequence involving prechlorination, cross-flow microfiltration, nanofiltration and
electrolysis in a chlor-alkali type of electrochemical cell has been developed for the
recovery of sodium hydroxide from scaur elfluent (Appendix 4.32). The Final
products of the process are a high quality concentrated sodium hydroxide solution,
an acidic depleted brine solution and organic filtration concentrates, Pilat plant trials
were canducted at David Whiteheads and Sens, Tongaat.

The pilot plant cross-flow microfiltar had the fellowing specifications :

Tube type :  Single Swizs Woven Polyester

Tube dimensions 2 mmxWm

Tube srea o LI3 m?

Pressure in ;200 to 300 kPa

Pressure out ;108 to 200 kPa

Feed velocity 2% mfs

Tube configuration . Spirally coiled, supported in & round plastic dish
Ruzn mode :  Batch concentration

rH Range o 1ito 8.5

Chemical addition :  Prechlorinated to suitable pH range, with additian

of diatomaceous earth and bisulphite

The effluent tested was collected From the first wash bawi of the counter-current
scour wash range. A chemical analysis is given in Table 4.44.



TABLE 4.46
AMALYSIS OF SCOUR EFFLUENT
pH 137
Caond [m8 ferm) BB
TS (a/£) (3]
Can (9 14] n
TC (PT{4) 14
TGC /0 12
TIC (x/t) 2
Na {rg/f} 21
Mg (mg/f) 20
Ca (me/t) #
OH- (/8 16
co; (x/L) :
or (x/t) 0,8

ki)

A summary of the species point rejections achieved by cross-Ciow microliltratian is
given in Table 4,47,

The average crass-Clow microfilter flux was § £/m2h.

Cross-flaw microfiltration .

removed the suspended solids from the chiorinated scour effiuent to produce a turbid

concentraie and a clear brown filtrate.

Table 4.48 shows that the suspended solids

in the chlorinated scour effluents were composed of organics and caicium. Filirate
volume recaveries of 85 to 95 % were achiavaed.

TABLE 4.47
SUMMARY OF AVERAGE POINT
REJECTION ACHIEVED BY CFMF

Experiment Point Rejaction (%) on
number cross-flow mizrofilier
TC Ca Mg TS
2,3, 4 13 71 o E
6 7.8 26 1 a -
& (3) 1 50 %0 a
10, 11, 12 16 56 o .
Mate : {i] All rejections based on composite

feed and permente concentrakion.

(H)

Unneutrafised scour aflluent
used in sxperiment ¥.




TARLE 4.4%8
COMPARISON OF CFMF ON RAW SCOUR EFFLUENT AND
CHLORINATED SCOUR EFFLUENT
Analyeie Raw Scour Efflusnt Chlorinated Scour Effluent
Feed Filtrste Rejection Feed Filkrake Rejection

% %
pi 19,5 13,3 a1 7 -
TC (g} 17 16,5 3 8 1] i2
coD (mgfd) 44 Y] 23 27 20 19
Co {mg/f) 70 a4 50 T0 15 71
Mg {mg/ £} 10 1 o0 16 - 1

4,10.3 Pilot Plants Resulis Tor Meutralised Scour Effluents

A treatment sequence for scour affluent involving neutralisation (with an acidic gas),
cross-flow micrafiltraticn, nanofiltration and electrolysis to recover water and
chemicals was devised (Appendix 4.33).

A pilot plant was installed to treat scour effluent from the Vaporloc range and to
recover sodium hydroxide and water for reuse in the factory. A typical analysis of
cotton scour effluent 15 given in Table 4.49

TARLE 4.4%

COMPOSITION OF SCOUR EFFLUENT

{VAFPORLOC RANGE)
pH 13 to 14
Cond (8 fom) 30 to 90
TC [/ £) 20to 40
TIC (z/£) 0,1 to 0,4
TG e/ 10ta 36
oD (z/£) 410 14
Mo (zfE) 4to 13
Ca (mg/f) 10 ko 50
Mg (ms/8) Lio 10
Co; {xfL) 1to 8
oH- e/ Ztod
T8 fefE) 16 to 38

The cross-flow microfilter unit in the pilot plant had the following specifications:-



4.10.4

a1

Tube type : Single Swiss woven polyester

Tube dimensions : 12mmx20m
I2mmzx12m

Tube configuration +  The tube was wound into a spiral, and
supported in a | m diameter circular tray.

Fressure in : 204 to 300 kPa

Pressura drop : 104 kPs

Feed velocity : L5 to 2 m/s

pH range : 8.5

Chemical additions : Neuntralization of rhe feed with carbon

dioxide gas, Diatomaceous earth or
limestona were used as filter aids.
Run mode : Batch concentration

The feed to the cross-flow microfilter after carboration from pH 14 o pH 8.3 was
generally & clear brown supernatant containing a suspensicn which had the appearance
of a "flog’, Cross-flow microfiltration removed the Tloc type suspension from the
effluent. A thick turbhid concentrate and a clear dark filtrate were produced, When
using diatomaceous earth or 1imestone as a filter aid, the rejecting membrane formed
was waxy to the touch but the filter tube could be eleaned vsing dilute sodium
hydroxida.

Approximately 70 to 90 % of the initial feed volume to the cross-flow microfilter
was recoverad as filtrate.

The spacies point rejections achieved by cross-flow microfiltration are given in Table
4.50 and the compaosition of the effluent in Table 4,51,

Fluxes during cross-flow microfiltration were low at less than 5 #/m2h. This was
due to the cross-flow microfilter not being run under optimal conditions. This
could be improved by ;-

{1 seitling the effluent after carbonation and using the clear sppernatant from
the settleable Floe,

{ii) increasing the velocity down the tube,

{iii) precoating the filter tube prior to cross-flow microfiltration.

Cross-flow Micepfilteation of Kier Wash-off Effluent

Pilot plant trials ware conducted at Smith and Mephew, PFinetown. A treatment
zequence for the recovery of potassium hydroxide from kier liquor was devised
{Appendix 4.34). The sequence involved pretreatment by chlorination, cross-flow
microfiltraticn and nanofiltration followed by potassinm hydroxide recovery in a
chlgr-alkali electrochemical membzane cell,

A typical chemical analysis of the kies liquor is given im Table 4.52.



TABLE 4.50

SPECIES POINT REJECTION ACHIEVED BY
CROSS-FLOW MICROFILTRATION

Exparlment % Rajection on Crosi-Flow Microlilteation
oumber aQc ic coD Wa Ca by TS Totsl COn
i T2 o ET 3 '] ] ] 10
3 3 14 an [ 12 0 13 2
3 26 25 6 2 28 0 7 b
4 100 0 91 n 0 - o2 15
5 of 0 o0 0 54 0 i1 1%
g - - - - - - 45 -
7 25 30 il 2 26 52 I s
g 2 25 B5 q 64 38 a7 18
9 as o8 58 1B 77 50 1} 17
10 ] 4 - 1 54 40 - g
11 30 a0 35 18 50 15 18 18
12 12 10 63 0 &5 a9 i 5
13 TH 31 - B 86 TR 38 3
14 B3 a - 25 B1 63 3z M
15 o 2 - 5 58 52 28 5
18 57 16 o5 26 52 50 40 14
17 72 » - 0 il a2 30 13
18 - - - T 70 10 4 ]
19 - - - T 50 20 10 18
Average 55 14 a1 ] G4 b 25 1%
TABLE 4.51
EFFECT OF TREATMENT SEQUENCE ON SCOUR EFFLUENT
Analysiy Raw sconr Alter Adter
eiflvent carbonston CFMF
pH 13,1 | &) A
Cond {mS/em) 64 24 28
TC g/ 4,0 7.8 748
TIC (/) 0,3 43 44
TOC e/t ay 356 a0
con (gfE) 83 E3 53
oH- g/f) 41 ] 0
co; g/ E) 28 1,8 .0
HCO; (z/4) D 18,1 16,8
TIC as T0q 1,9 12,0 134
Na (F3]4) B4 B2 as
Ca {mg/&) 45 45 23
Mg (mg/f) 7 5 4
TS (/l) 22 22 20




The cross-flow microfiltration unit had the following specifications :-

Single Swiss woven polyester

12 mm x 30 m

Spirally wound supported in a round plastic tray
200 1o 300 kPa

150 tc 250 kPa

2.9 m/s

7.5 to 8.5

Prechlorination to pH range then addition of
diatomacecus earth and metabisulphite

Batch epncentration

Table 4.53 gives a summary of the cross-flow microfilter results.

B3

The cross-Mow microfilication [uxes were low at 10 &/m?h and produced a clear,

brownish permeate and a thick, turbid, dark concentrate. The rejecting membrane

formed on the tube was waxy to the touch and could be cleaned [rom the tube by
circulating sodium hydroxide solution through the system.

TABLE 4.52
A TYPICAL ANALYSIS OF
KIER LIQUOR
pH M
Cond [mSfcm) a%
TC (e/f) 17
TIC g/} 2
TOC [7714] 16
K (e/O) 30
L {eff) 1
Cn [mn‘ﬂ 50
Mg (g £) 50
OR- [(34] 5
ooy (e/f) f
=iy &/t 8,7
con {g/2) &3
TS (z/0) 87
Tube tvpe
Tube dimensions
Tube configuration
Inlat prassure
Outlet pressure
Feed velocity
pH range
Chemical addition
Run mexie
411

CROSS-FLOW MICROFILTRATION OF DYEHOUSE EFFLUENTS

One of the main poflution sources in the textile industry are the dye-house effluents.
Dyehouse effluants in general are complex and raflect the types of dyeing undertaken.
They have poor biodegradability and a high lavel of colour and salts.
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TABLE 4.53
SUMMARY OF SPECIES POINT REJECTION
ACHIEYED BY CFMF

Experiment % Point Rejection on
number cross~-flow mizrofilter

TC Ca Mg TS

1 16 Ba 2 11l

z an a2 k. B

3 a5 Ta a5 1]

4 14 28 an 6

<] 40 a0 L] 20

T 20 ¥ 0 ]

B a 44 L] -

10 3 byl 2B 10

11 - - - -

13 % 14 -1 0] 20 a0

Avernge 2% 72 16 15

Coapulation and [locculation fests have been carried out on disperse dye wastewaters.
Poor settling characteristics are often observed and are due to the affect ol the
dispersing agent. The floc has poor dewatering characteristics. A study was
undertaken using cross-flow micrafiliration rather than settling, to gvercome these
problems.

The aims of the stedy were ta -

{}] invastigate the effectiveness of alum cosgulation and cross-[low
microfileration at high water recovery, for the removal of the disperse
dyestuff colour,

{ii} assess the potential of the product water, which woutd contain the grganics
and a percentage of the dispersing agent for reuse in polyester dying.

4.11,1 «fTlow Microfil ipn of Palvesier ein

Effinent from a polyester dveing machine was pumped from the dyehous: to the
effluent storags tank, The feed to the pilot piant enterad tha mixing tank under
laval control. The alum dosage was delivered by lavel control and matched 1w the
rate of feed flow. The pH was controlled by the addition of hydrochloric acid or
sodinm hydioxide {Appendix 4.35}.

The product water (permeate) from the cross-flow microfilter was collected in a tank
and pumped to the storage tank for delivery back to the polyestar dyeing machine.

The pilat plant had the following specifications :-



Tube type :
Tube dimensions :

Total area

Tube configuration :

pH range

Alum dozage :
Pump rate :
Feed velocity :
Cperating mode :

The characteristics af

Table 4.55.

B

Knitted polyester - similar to fire hose
Smmxémx25xa4d

47 m?

4 modules connected in series with 25 mbes in each
moidule arranged in paratle]

Sto?

50 to 100 mg/¢ as Al+3

120 m3/h at 450 kPa

2ito0 3 mjs

Feed and bleed 1o give 90 % water recovery

the polyasier dyeing efflueant are given in Table 4.54. and

TABLE 4.54
POLYESTER DYEING EFFLUENT CHARACTERISTICS
Type Effluent Dye Watar Effluent Parometer Loadings
usage vIoge TDS Ha TOC oA coD
gk | &igid kg
A. WOYEHN
Dork sheade D 10,5 15 41,0 2.0 15.0 |a4d -
D+R1+52 . 45 527 4,4 164 |63 -
Medium shads D 6,35 27,5 54,0 2.4 63 |23
D+R1+R2 . 225 s 7.0 85 |35 -
Light shade D 0,12 15,3 5E,1 23 124 |30 -
D+R1+R2 - 758 o1,6 73 168 f3d -
B. TTELD
Cipticat white D 251 128 B,7 ng 27 - 35,9
R1+D+R2 - 383 ma 14 546 - 1385
Pe - 10,8 4.3 015 51 - 16,1
Medium shades D 4,71 10,8 10,2 0.5 41 - 14
PS+RL+D+H2:R3 - Y] 387 1T e - 41,2
Ps - 10,7 54 0,16 1.2 - 20,3
Dratk shade D 539 10,7 1,7 L2 50 - 13,9
PS+R1+D+RI+RE . 33,3 253 2,0 14,4 - 36,5
PS . 11,2 2.0 0,16 10 . EX:
Black D . 11,3 21,5 2,0 58 . 25,5
AT 5.0 112 770 23,8 4,1 - 14,2
PS+R1+D+R2+ - f08 | 1280 @ 320 18,0 - 477
RA+AT+R4+RE
Hay : D - Dyebath
R - Hinze
ra = Pragcour
AT - Alter trestment

Analyses of the feed to the pilot plant and the cross-flow microfilter permeate are
ajven in Tabla 4.56.



TABLE 4.55
OVERALL EFFLUENT COMPOSITIONS FOR POLYESTER DYEING
Dyeing TDS Ne pyaln CA con ADMI Colour
mgft Units
A WOVEN
Park 1170 87 365 150 - 1590
budium 75 B4 104 &1 - 32
Light 1210 ot 222 44 - 246
B. KNTETED
Optical white 725 35 1425 - 3 225 -
Madinm 440 11 e - TGE Ai10
Dark 484 37 ITa - BB4 Ti%
Hlack I 415 266 210 - 520 1236
TABLE 4.36
PILOT PLANT RESULTS
Sample | Run A+ Faed Produst
time Dosage vH TLS TOC ADM] pl TD3 TOC ADMI
(hr} | (mg/d) {mg/t) | (mg/f) | colour {mg/f] | (mg/f)] | Colour
A 2 100 10,9 1 606 272 2155 7.0 18225 49 220
] 56 178k 67 200
B I 100 g 420 319 1 095 6,0 1010 B2 83
50 55 62 R
o 25 ) 4.5 835 477 3 595 a,7 6&0 98 B2
8 G,5 aah o7 100
D z 7o 63 .11 108 3020 4,9 Bea 2] 109
8 L-11] 8,7 Toh 100 55
E 4 o0 Ad 1113 348 2138 T4 i) 89 71
F 5 .11 ] B4 490 240 1 345 T4 526 63 130
G 2 =1 1) 4132 10 1425 6,8 30 B 120
H 3 80 8,5 300 307 1940 67 505 73 as
I a 70 8.9 &0z aa 1 610 6.2 590 96 260
J 2 ™ 2,7 1070 na 1775 T 390 130 405

The permeate {rom the cross-flow microfilter pilot piant had adequate colour removal
with alum desage of 5C to 108 mg/# as aluminium over the pH range 5.5 to 8,5
Howaver the coagulation range was less sensitive and could be extended o pH 5 to
7. Synthetic polyester dyeing solutions gave colour rejections of greater than 99 %,
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beiled solutions and actual polyester dyeing effluents gave lower rejections,
particularly Cor certain disperse dyestuffs. This may be atiributed to a relatively
hiph water solubility.

The cross-fiow microfiltar gave steady-state product Fluxes of 50 to 120 ¢/m?h,
Sampies A 10 J in Table 4.56 were the efiluents from the dyeing of dark shades
and hance the total dissolved solids {TDS) and colour were higher than normal.

The total organic carbon {TQC) and ADMI colour value rajections were in the range
58 % to 78 % and 77 % to 97 % respectively. The permeate {product water) TOC
consisted mainly of the organic and dispersing agent, which reprasented background
levels of about 20 mg/f and 40 to 60 mg/¢ respectively assuming zero rejections
across the membranes.

4.11.2 Cross-flow fil Palyester angd Polyester/Yiscas h ents
Difficulties had arisen with the pretreattnent of used dyehouse effluent prior to
hyperfiltration, (Appendix 4.356) with very short rvns being experienced with the
cross—flow microfiltration of these efiTiuents. This work investigates the use ol woven
Fibre tubes for the cross-Flow microfilimation of polyester and polyester/viscose dyeiag
efTluent.

The experimental unit used in laboratory tests was as Folipws -
Tube type : Close weave Fire hose jacket
Tube dimensions : MlmmxiImzx4d
Tube configuration :  Tubes connected in series with U-bends
Pressure : 400 kPa
Laboratory scale baich concentratipn tests were conducted, The effluent was a
mixture of yellow, red and navy dyes with dispersing agents, An analysis is given
in Table 4.57. _
Analytical results are summarised in Tablaes 4 58 and 4.59.
The initial flux From Test 1| with 200 £ of effluent was 140 o 190 #/m2h, and the
averape after 5,7 hours was 113 &/m2h. The inigial feed TOC was 158 mg/f and
this was reduced to 64 mg/¢ in the permeate.
Test 2 was conducted with the concentrate from Test 4, reduced o half the starting
volume, as feed. An pverall 90 % (Run 1 and Run 2} water recovery was achieved.
The average permeate flux was 104 £/m2h and the permeate TOC was 61 mg/L
TABLE 4.57
EFFLUENT COMPOSITION
Yallow, red and navy dye aigif
Dispersing agent 05 g/t
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TABLE 4.58
ANALYTICAL RESULTS OF LABORATORY TESTS 1 AND 2
Salution Abacrbance and Rejectton ()
422 nm 42 nm 70 nm
[nitia! fasd 0,70 0,63 0,58
Permeate from Run 1 0,085 {91) 0,02 {57) 002 [a7)
Permaats fram Run 2 0,03 [98) 0,01 {96) 0,008 {68)
Raejection figures in brackets
TABLE 4.59
ANALYTICAL RESULTS OF LABORATORY TEST 3
Initial Faed Crerall Permeate
TOC Absorbance TG Absorbance
fmgff) | 482nm | S42nm | 870nm | (mg/®) | 482 nm 543 nm E70 nm
230 0,80 0,50 0,68 71 0,018 0,024 0,014
(47) (67) {88)
Bejection {igures in brackals

Test 3 was conducted with the 3 dyes at 0,1 g/t and 0,5 g/¢ of Tonet dispersing agent,
The starting Fluxes were 140 ta 200 £/m2h dropping to 80 to 95 &m2h, with an
average of 105 £/m%h, after 7 haurs.

The cross-flow microfiltration unit installed at the Factory had the fallowing
specifications :-

Tube dimensions : 38,0 mmx 30 m

Tube cenfiguration * 30 m coil placed in a collection tank
Chemical addition :  Coagulation with gluminium sulphate
pH range > 6,0

Pressure : 200 to 250 kPa

Feed flow : ¢ 1o 50 £/min

Factory effluent was pumped to a coaguiation tank, The affluent contained
un-exhausted dyestuffs {colloidal disperse, seluble reactive and direct), organic
auxilisry chemicals, inorganic salty, datergents, oils and organic acid buffers. The
low values of effluent pH indicate a high percentage of polvester dyeing waste water
presant in the effluent.

Results of preliminary factory tests are given in Table 4.60 and of subsequent tesis
in Table 4,61,

Permeate flow rates were in the range 3 to 5 &/min (50 10 85 £/m3%),



TARBLE 4.60
PRELIMINARY FACTORY CROSS5-FLOW FILTER EXPERIMENTS
Dnlail Tent THem pH Cond DS Nu TG QA ADMI
AR duaration Colour
{mg/f) (h) {mSfem) | [mg/l} | (mgtd) | (me/E) | (mg/E)
20 1 13 Fawed T.7 1,82 1475 e 1.5 22X B4
Perments a7 1,82 1375 s w09 155 by
% Rejeckion n 0 13
30 2 Fexd 9,2 28 2040 {8E 140 157 G2
Pacmeata 4,7 2,84 2 580 EED 128 135 244
% Rejection 12 14 T
30 a Fead 9,85 3,78 4 850 1200 244 BB a55
Parmeata 7a B4 4 286 1 200 158 52 284
% Refnction [T ad 70
50 ] Faad 9,85 3,7e 4 630 1200 244 B 953
Permeate 7 k52 4200 13 137 az 4623
% Rejection [T B4 52
ED 5 Feed 7.7 1,42 1 245 %0 111 238 183
Parmoeale 44 a.08 1 200 285 k| 144 E&
% Rejection 18 a8 86
TABLE 4.561
FACTORY CROSS-FLOW FILTER EXPERIMENTS
Dosngs Teat Item pH Cond TDE Nu TOC QA ADM
AlS+ duration Colour
{rg/) (b) tmsfem) | (mgfl) | (meg/l} | (mgf8) | (on/E)
0 1 Feed 76 | 1.2 1 202 aop | tes 104 370
Permeante 78 144 1338 aln i % a4
% Rejection 1] 2T 77
50 z Feed 8.3 1,4% 1 180 a0 M1 BG 105
Permeats T 143 13x0) 200 123 ] ] kL
% Rejection 13 6 a7
50 4 Feed 8,6 .28 2 156 40 250 78 440
Permente &6 2 A7 2 a0 -0 182 59 110
% Rajection 17 24 75
o 2 Fuad 9,6 3,25 5 280 1175 130 b 1 280
Parteale .7 2,05 2820 b L) 121 5l 175
% Relaction 12 33 BT
ao 2 Fuead 9.8 3,02 023 [ 1) 205 75 824
Permeota 76 | 8326 3 876 875 114 25 233
% Hefection 44 &1 T2
AD ) Feed a1 2B 1 820 404 200 B2 T40
Prrmente G.,B a0 2440 ezs 108 i 116
% Rajection 47 3] 84
330 3 Fend w3 | 42 7 80 1848 | a3 105 1154
Permente 7.2 6B 8 430 1 BlE 14 41 300
% Rejection 3] 61 74
30 4 Feud o8 2,08 3700 890 41} Ta 1150
Parmenkbn 9,55 3,68 4 030 200 o 6 132
% Rajection | se 54 B9
30 3 Fusd 08 | 22 4414 a0 | s 3 4G
Parments Tl 4,11 4 TS0 1 el o 44 174
% Rejection T0 35 T
50 3 Fued 9.2 2.4 2085 TOD 171 23 =10
Parmaate 6,0 3,38 31215 566 114 124 200
% Rejection 53 a7 71




4.11.3

Cross-flow Microfilter Pilgt Plant for the Closed Loop Recvele of Polvesier
Dveing Effluents

After g survey of a particular factory to characterise the effluents from the dyeing
and printing of cotton/synthetic Fibre knit fabrics, it was found that 43 % of the
total efflvent volome of the factory was due to the palvestsr dyeing efflvent, A
study was conducted to determine the effect of alum coagulation followad by
cross-flow microfiliration on this effluent. Successful treatment and revse of this
portion of the factory affluant would result in a large reduction of both the total
effleent volume and the voiume of make up watar used,

Initially experiments ware carried out on 2 cross-flow microfilter module of shell
and tube heat exchanger design. Tt consisted of 19 parallel woven fibre tubas each
of 25 mm in diameter and 3 m in iength, operated under the following conditions.

Fressure in : 200 kPa

Pressure put : 120 kifa

Pump rate : 132 m¥th

Feed velocity : 3.9 m/fs

Alum dosages : 90 to 150 mg/¢ as Al+3
Steady stae [luxes : 50 to 55 ¢/m2h

Afiter preliminary trials it was necessary 1o undertake laboratory iests to determine
the nature of the vesidval colonr remaining in the product watee.  Analytical resolts
for the preliminary trials are given in Table 4.62,

Subsequently, the cross-flow microfilter unit was modified to the specification given
below. The plant was in operaiion for a total of 10 weeks during which three series
of experiments (A, B and C) were carried out.  Design specifications are given in
Appendix 4.37.

Tube type : Woven fabric (fire hose jackets)

Tube dimension : 6 m x 25 mm x 4 modules of 25 tubes in
each madule

Total membrane area : 47 m2

Tube configuration : Each module was connected in serias, the tubes
in each module were connected in parallel

tMaximum inlet pressure : 460 kPa

Pressure drop : 300 kPa

Pump delivery : 120 mi3/h

Tube velority : 2,6 mys

pH range : 5to?

Chemical dosage : Alum gt 50 to 100 mg/f as AlS+

Run mode : a} Baich concentration 10 90 % waotar recovery,

b) feed and bleed adjusted to give 90 % water
racovery
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TABLE 4.42
PRELIMINARY CROSS-FLOW MICROFILTER PERMEATE ANALYSES
Langth A+ Ttem pH and TD3 o2 Al ADMI Permeate
of run dosags calout rajection
{hrs) | {min} | (mefL) {m3/em) (mgff) unit TOC | ADMI
F* ET 0,235 arz 506 0 1983
-] aa P 7,0 087 - BD n 88 B4 ]
2 o0 50 P 6,2 130 564 TS 0 28 11 =1
40 100 P 7.0 o2 6bd Te 0 31 a5 =11
0 110 P 7.1 137 760 = =3 1] 43 a1 o
1 Do 120 ¥ 7.2 0B84 806 90 D 104 n3 50
0 130 ¥ 74 0,96 718 85 ) 208 T} as
1 o 150 P 885 | o8 720 96 o a5 a 05
15 80 P 70 1,04 yo2 110 ] 153 78 92
0 H o 7.0 10 704 a5 1] 2 B L
F a5 oz | 276 148 o 1130
30 50 B 8,1 D92 1148 41 o a1 78
20 o0 F - ¥} 0,9 886 a7 Li] a2 6 o3
1 40 50 P 675 | o070 | 518 41 ) dd 77 !
1 50 oG F €,86 0,886 ¥z ar 1] a2 36 7
1 30 a0 F 7.0 0,E7TE g8 a1 1] a7 M o7
3 ] en P o 0.5 254 2 [+] 48 a5 f8
£ 6,7 0,385 | 276 191 o 1131
2 15 o0 F 8,8 0,44 a0z 25 1] 45 a7 o
8 oq 50 F 6.8 0,35 M 24 0 41 a7 o5
2 an F 4,8 2,332 884 42 a 108 TA a1
F 11,8 1,65 1 220 450 1] 2118
a0 50 P 70 L1 |1 094 78 Q 418 2 B
1 o) Bl P cd 1.3 1 128 L] L1} 211 88 1]
1 [11] 1xh P 87 1A% - 52 L1} Td 88 BT
1 1 1] 50 P 6.3 1.33 1178 113 1] 214 T4 o0
1 0 2 P LR 1,22 I 164 23 a 70 T3 .1}
1 10 50 P 67 127 1168 o 0 anT 79 85
15 110 P 85 1.3 1 23 &5 a fia b ED B6
Mota : F* = Feed ; P* = Pormaate

Polyester dyeing effluents contain only un-exhausted dyestuff, an organic acid and
a dispersing agent, Chemical analysis of the polyester dyeing efiluant uged in rung
A, B and C are given in Tabla 4.63,

Steady fluxes of 50 to 120 £/m2h were achieved. However blockage of the tubes
with floc occurred and this may have been aggravated by settling on shut down.

Cross-flow microfilter permeate anabyses from tests A, B and C are given in Tables
4,64, 4.63 and 4.66.

Test A, was conducted on a marpon colour polyester dye, piving a slightly pink
permeate,

Test B, gave a permeate with a light pink colour.

Test series C gave a permeate ranging in colour from pale straw to yeéllow,



TABLE 4.63
ANALYSES OF POLYESTER DYEING EFFLUENT FEEDS
Ma. pH Cond TD3 TOC ADM]I
Reduction {m3 fem) {mgfE) fogfL) Celour
Clenning
1 11,8 1,63 1 2%0 430 2118
2 10,83 1,42 1 608 TR 2168
3 ¢.Be 0,538 1072 308 1776
Mormal
4 8,7 0,250 LY B} 1083
5 g8 0,298 276 188 1150
] a7 0,286 278 191 1181
T 8,6 0,485 612 240 7§56
B 8,50 0,313 424 214 837
] N 0,374 466 482 1 504
10 4,38 9,585 420 3i0 1084
11 5,0 0678 954 ZED 1268
T 4,8 ;278 834 477 3 59
13 83 0,267 566 408 5 019
14 5,35 14,244 L] ags 2138
15 6,52 1,230 404 20 1347
18 gak 0,213 432 A 1 423
17 852 0,209 300 an? 11
18 8,BE 44 502 L) 1ell
19 6,66 4526 924 322 1373
0 6,43 04,5302 294 6o 2 2564
n 6,22 0ATZ 1034 211 3497
3 ¥ D45 650 258 1504
23 8,58 0,50 5O 216 2 045
TABLE 4.464
RESULTS OF TEST A
Length AL+ Item pH Cond TLS TOGC Al ADMI Farmazta
of Tun dosage colour rejugtlon
[hrs) (mg/L) (8 fen) {rg/E) {unit) TOC | ADMI
F §,5 a 485 812 24D 0 Ki-13 - -
1,0 150 P |&8s 1,66 1220 2 ! B4 51 B4.6
3.0 250 F |52 |217 1912 20 H 81 81 BES
150 P €8 2 1 980 20 0 78 a7 s 50
1.0 200 F T 2.57 2 Ded 5 ] ea 1N ] o7
200410 mg/d AC P &5 2,16 2153 b2 1 ac ”ne ]
15 | 200430 mg/f AC P |&7 14 1170 30 2 ) A7 04,2
Nate - F = FPermanta
F = Fud
AGC = Activated Carbon




TABLE 4.6%
RESULTS OF TEST B
Length | AN+ Ittm pH Cend T TOD | Al | ADMI Perments
of run | dosege ealous rajection
thes) | (mert) (mS/cm) (my/2) (unit) | ToC | ADMI
Fead 10,83 1,42 1608 373 0 3153
2,0 100 Purtoeabe 7.0 257 1838 49 0 290 81,9 88,7
4.0 160 Farmente 636 | 20G 1984 04 0 220 76 851
5,0 100 Prrmtabe 666 | 1,85 1790 a7 4 3040 75,3 50,7
Faund 6,56 [ -3 34 i34 214 1] &37
3.0 100 Parmeate 5,562 0,54 -3 I 45 1] 12B ™ apa
Fred 5,8 0,374 486 436 0 150
3.5 100 Permeate 508 | Da Baz 77 1 169 B2 874
Fawed 6,28 0,385 420 315 1] 1004
1.0 100 Parmeate 40 1,15 1010 52 2 93 236 91,4
2,0 1400 Perimeate 499 | 0497 B1S a2 2 114 805 855
4,0 100 Permoeabe 5.0 1,1 BAE 82 4 56 80,5 )
Feed 5% 0T 954 0 1] 18
6,6 L Permeate L 1,58 1 240 M 0 82 e 0.7
TABLE 4.466
RESULTS OF TEST C
Length Al [tem rH Cond TDS TOC Al ADMI Parmente
of run dosage 2oloyr rejaction
(e} | {mglf) {mSfem) frog/£) funit} | TOC | ADMI
Fead 1.0 0,278 634 477 o 3 586
g0 50 Prarmeate 845 | pgoz gan a7 ] 106 1] o7
2.6 50 Permaata 6,72 D556 882 | /] g6 B0 oy
Feed 63 0,287 £ 408 0,6 5018
2,0 70 Permanta 659 | 0,033 aaa ig ] 109 78 95
6,0 80 Permants 6,7 0,685 i 100 0 55 75 o
Feed % 1 n,23% EDS 248 a T 1o
40 50 Permeats o0 | 040 580 8% ot 71 80 g7
Feed €82 0,230 490 204 7] 1 847
50 (31 Permente vo0 | o471 528 ) 150 a1 o
F 652 | o213 432 510 o 1413
20 60 Pacmeate 685 | G460 S0 BE L0 181 78 87
Feed 8,52 O 20 330 507 [ 1941
2.0 L Permeate 2,85 0422 508 T3 1] £b 76 o6
Fead &84 044 ang 208 1] 1811
a0 70 Parmeate ere 0,555 588 1] 1] 280 -1 a
Fead 9,60 0,539 1072 0B 0 175
2,0 Ta Permante 736 | 0,890 860 128 0,8 a0t 58 o
Feed L1 4B < a2 L] 1373
™ Permente 682 | 0paz 1120 171 a AE1 47 74
Fead g4% | 05z ] 3ag a 2 254
0 Fermente s | 08 o83 1 0.9 381 50 B3
Feed 22 0,472 108 {2;312" { 497
K] Permente 86 0,705 1074 50 Ta0 0 9
Feed 6,3 0,435 00 lax [ 1504
0 Permats 655 | 0782 BB o4 o 302 85 87
Feed 668 | 03 506 18 o 2 045
0 Permesate 6,66 1.522 a2 73 1] i &6 L1
* = Seerrw low

4.11.4 Cross-flogw Micrafiltration of Wool/Svpthetic Dyehouse Efflyents

Textile effluents from wool/synthatic dyshouses are acidie, ¢ontain residval celour
from 2 wvariety of dyestuffs uvsed, anion, cationie, nom=-ionic and zmphoteric
surfactants, a variety of organic and inarganic auxiliary chemicals and, in many cases
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heavy metal ions, such as copper, chromivm, cobalt and nickel. The residuwal dyes
constitute an unacceptable visible pollution load, and coupled with the remaining
organic auxiliaries used in dyeing are responsible for COD values of the order of
1 000 mg/L

The incrganic salts used in large quantities are sodivm sulphate and sodium chloride.

Effiuents from wool/synthetic dyeing may in general be discharged into municipal
sewers, However, in cases wheie sewers do not exist, the sivrage and evaporation
or spray irrigation of these effluents presants a serious problem. A freatment
sequence was devised to treat the effluent to a poini where it could be reused in the
process from which it originated {Appendix 4,38).

The treatment consisted of the following stages ;-

(i) removal of surfactants by jon sxchange,

{iL) removal of calour and heavy metal ions by elactrolysis using iron electrodes,
{iii) ferrous hydroxide flocculation,

{iv) ferrous to ferric oxidation,

{v) fereic hydroxide flocculation,

(vi) filtration,

{vii) detection and contral of colowr and Ferric icns.

A pilot plant (Appendix 4.39) was linked to five production machines covering tha
full range of fibres and dyeing productions wsed in a woel/synthetic dyshousa :-

(i} wool top dyeing,
{ii) wool piece dyeing,
{iil) polyester,/viscose piece dyeing,

(iv) varn dyeing,
(v} polyester top dyeing.

The cbjective of the investipation was to demonstrate that a pilot plant was capable
of treating the dyehouse effluent from wool/synthetic fibre dyeing on a continuous
basis,

The cross-flow microfiltration vnit had the {foliowing specifications :-

Tube type : Fire-hose jacket
Tube dimensions : 335 m x 25 mm
Tube configuration : 9 banks of '8 columns
Feed pressure : 270 kPg

Reject pressure : 0 kPa

Design flux : 167.5 é/m2h

Filtration rate per bank af § tubes : 1 340 &h



Operating cycle ;6,5 to 7,5 hours
Operating steady state flux : 31,2 #/m2n
Time ta reach steady state flux i 36 v 48 hours
Chemical addition on filecation : Farric hydroxide

The feed to the cross-flow microfilter was a compasite sample taken from the effluent
storage feed to the electrolysis cell, after the anion and cationic surfactants had been
remaved by ion axchange. Analyses are given in Tahle 4.57.

TABLE 4.67
ANALYSIE OF FEED TO CFMF
Anatynis (mg/¥)

WNa Ic o TC coD Cr ADMI
50 245 137 1M1 440 08 14
462 15,5 14K 1.} 472 14 ST
775 235 T} 136 a2 20 1 200
813 8 5 204 230 814 1.6 1115

1 540 34,8 141 168 253 03 o470
818 52 178 210 248 0% 1 08
665 21 am so00 s03 ([} 1475
244 18,7 225 244 447 0.8 a0
00 15,7 184 o 491 ng 5]
288 1,0 174 174 248 (i3 arE
308 - 0.7 137 128 115 12 T16
402 20 66 &8 189 17 450
470 5,5 78,5 12 256 13 ann
582 15 101 118 198 1,2 S06
402 24 112 128 250 14 325
281 18 88 114 173 18 266
413 11 ] 104 nz 1.2 ATH
450 13 108 {11 ] 247 07 108
188 18 105 06 406 04 1300
575 2 187 117 ] 676 0,3 D
490 2 163 155 633 0.9 BT0
540 3 127 130 261 1.1 535
535 13 152 188 ase 08 565
BGE 1z 140 152 485 05 T&E
450 T 98 100 385 04 940

The performance of the cross-fiow microfilter with time is summarised in Table
4.68 (Appendix 4.40).



TABLE 4.68
YARIATION IN FILTRATION FLUX WITH TIME
Titewe Filiration Aux [#/m?h)

{hm |11 12 13 14 1,5 1,6 17 LE

(1% 5239 3568 LELY ETLY 72,3 46,8 3723 3558

1 1340 1086 108.6 1za 101,0 06,7 93,5 04,7

24 51,9 419 43,5 44,4 40,2 427 41,0 43,5

a8 86,2 a4 50,2 51,8 255 30,1 30,1 ag,1
21 8,2 2,3 a4 %E o8 8,7 8,8

0,5 271,56 579,3 arza 374,2 286,5 402,0 372,2 571,2

1z. o5 05,7 oD, 5 102,5 56,6 103,% BS54 BB

24 43,5 45,2 41,9 43,E 45,2 418 435 41,9

6 ag 35,4 a1z 30,3 93,5 35,2 35,3 312
Tabla 4.69 gives the analysis of composite samples of filtered effluent belore being
mixed with municipal make-up water for recycle.
Comparison of analytical data in Tables 4.68 and 4.69, shows that the sodium
concentraticn increased. This was due to the addition of sodinm hydroxide during
effluent treatment. The increase in inprganic carbon was due to sodium carbonate
impurity in industrial grade sodivm hydrexide, The mean organic carbon reduction
was 54 %, The major componaent of the temaining 46 % organic carbon in the
treated effluent was sodium acetate buffer az weil as the non-ionic and amphoteric
surface active agents which are required for reuse.
An ADMI colour and iron detector was installed. The colour acceptance limit was
set at an ADMI value of 65 and the iron acceptance limit at 2 mg/f. Mo permeate
from the cress-flow microfilter was rajected by the detector.
Rajection on the cross-flow microfiltar was very high with low iron contents (balow
0,01 mg/¢) in the filtrate, However, this filter was subject to severe {lux decline
over two weeks of ocparation.

4.11.5 =[lpw Microfilir t Dvehouse Effluenis

The effluents from cotion and cotion/polyester dyeing contain high concentrations
af salts, which are not removed by conventional physiochemical or biological
treatment. For both end-of-line poiflutior control and internal reuse of these
effiuents, salt removal js nacessary,



TABLE 4.6%
AMALYSIS OF FILTERED EFFLUENT
Analysile mgfE
Ha 1c oo TC coD Cr ADMI
75 23 ki ] 101 337 0 <B5
665 17 Ta a4 205 0
344 410 [ 159 193 o
925 40 118 166 187 1]
749 iz 1o 13% 163 1]
T40 a2 a7 pli) 8 1]
a0 20 k] 08 #02 i+
180 84 1567 191 432 o
G50 12 129 168 283 o
455 a1 48 a7 ki 1]
4132 2] a1 40 83 1]
445 22 42 B Q4 ]
B1D 0 45 BE 1a% 2
4940 28 47 75 122 a
469 30 45 75 51 0
481 1] 80 T3] 88 d
405 24 48 70 32 ]
L) 20 40 & &7 a
510 20 1 76 a7 1]
1.1 17 63 a0 138 ]
G140 11 5l Bl 142 1
510 14 54 o8 148 1]
455 ) 23 b2 a5 0
664 10 52 Ta 154 G
636 22 50 T2 137 [

Expariments to test the long term performance of a spiral wound module of the poly
{ethar/amide) type on the mixed effluent from cotton, cotton/polysster and polyester
dyeing were undertaken (Appendix 4.41).

A candle filter was used initially but later replaced by a cross-flow  microfilter.
Following laboratory experiments, the use of cross-Mow microfiltration as a
pratreatmant process prior to hyperFiltration was investigated. A pilot plant consisting
of & cress-flow microfiltration unit and a hyperfiliration unit was instzlled at a
factory.

The experimental cross-flow microfilter had the following specifications :-

Tube type :  Fire hase jacket
Tube diameter : 25 mm

Feed rate 1 66 4/'min
Pressure in : 180 kFa

Flux rates ;70 t0 150 &/m2h

Chemical dosiug ¢ Coagulation with aluminium sulphate at 20 mg/¢



Analysis of the effluent before and after cross-flow microfilteation mre given in
Table 4.70 and 4.71. The effluent contained significant quantities of a gelatinous

agglomerate,
TABLE 4.70

ANALYSIS OF MIXED EFFLUENT
Tota! crganlc carbon [mg/E) 109
Chxygen sbeorption g/ E) w
ADMI1 eolour 271

TABLE 4.71
ANALYSIS OF EFFLUENT AFTER CFMF AND
COAGULATION

Total organie carbon {mx/2) &
Oxygan sbecrption (eag /L) 13
Al colour 174

Following the laboratory experiments described above the uszea of cross-flow
miccofiltration as a pretreatmant process for  hyperfiltration weas examined
(Appendlx 4.42}). :

The experimental unit used had the following specifications :-

Feed pressure : 200 kPa
Feed velocity : 1 mfs
Chemical addition : {a) pH contral
() Alum coagulation at 20 to 80 mg/t as AT
Rup mode : Feed and bleed to give 3 50 % water recovery

The feed to the cross-flew microfiltar consisted of a blend of effluent and recycled
reject. Chemical anaiyses of tha feed is summarised in Table 4,72,

TABLE 4.72
ANALYSIS OF EFFLUENT FEED TO THE CROSS-FLOW MICROFILTER
pH Cond TDS Na coD TOC OA ADMI
(msfem) | (maft) | (o) | (ma/t) | (rogr®) | (oart) | cotowr
Min &0 18% 240 3 80 9 18 ™
ddax 2,6 2 400 3 400 (] Ti0 520 55 98T
Muasn T3 1330 a0 206 330 134 36 453




The cross-flow microfilter gave [luxes in the vegion of 30 to 200 #/m2h depending
on the feed constituents, the recycle ratio and the degree of louling, The flux was
restored periodically by soaking the filter tube in sulphuric acid solution at pH 2.

Species rejections achieved by cross-flow microfiltration are summarised in
TFable 4.73,

SUMMARY OF S5PECIES REJECTIONS
ACHIEYED BY CFMF

TABLE 4.73

Rajuction %
fHE ] TOC ADMI
coludr
Min - - 4
Max BE ” o]
Menn 54 4 T0
4.11.5.1 thetic Fi

A pilat plant for the treatment of cotton/synthetic fibre dyehouse affluents was
designed (Appendix 4.37). The plant consisted of a cross-flow microfilter and a
two-stage hyperfilteation unit.

The specific tasks of the project were (o ;-

(a)

{b}

()

(d)

()

{f)

determine the technical Teasibility of closed loop recycla systams For dyehouse
effluents containing :-

{i) cotton (viscose and/or nylon) dyestuffs,

(ii) polyester dyestuffs,
{iii} mixed effluent containing boith cotton and, synthetic fibre dyestufTs,

determine the cost ef fectiveness,

estimate the reduction in water usage and waste production and the impact
of the treatment system on the [inzl effloent of cotton/synthesic textile
dyehousa,

develop estimates of the net savings in water, chemical reuse, energy and
waste treatment,

evaluate cross-fiow micrefileration using woven fabric tubes in conjunction
with alum coagulation for ramoving suspended solids and dispensad dyes,

te evaluate the various membranes for flux decline and rejection in the
hyperfiltration stage,
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(g) estimate impurity build up in the closed loop system,

{h) develop a process design for a treatment/recyela system on a continuous basis
far full scale textile mill aperaticn.

The cross-flow unit had the following specifications :-

Operating mode : Feed and bleed with water recoveries of 835 %
1o 95 %

Chemical addition : {a) Alum coagulation at 500 to 300 mg/?
{b) pH correction t¢ 5,5

Precoating : Precoat the tubes with alum, pH adjusted to 5,5

Tube dimansions : 25mm=x4,5m

Tube configuration : B modules in series with 25 parallal tubes per
module tube length of 4,5 m

Madule configuration : Leader pipe assessment

Tube velocity : 2.5 m/s

Minimum flux : 70 #/m2h

Design Flux : 50 £ m2h

Product rate nzeded : 10 m3/d

Pressure drop in

tube at 2.5 m/s : 12 kPa/m

Pilot plant trials were completed in phases as experience in operating procedure was
gained (Appendices 4.43 and 4.44).

Phase 1

The cross-flow microfilter gave an initiad flux of 506 &m2h on mains water at an
inlet presure of 195 &Pa with a 90 kPa pressure drop across the unit.

The flux resulting from the treatment of the mixed factory effluent, containing
wastewaters from dyeing, printing and scouring was poor. The [iux dropped from
533 £/m*h at the start to 180 £/m?h after the run on the first day. On start up on
the second day the flux was 20 £/m?h, and this dropped to 5 &/'m2h alter 5 days
continuous running. After an acid clean, the flux dropped from 30 #/m2h to 5 ¢&/mth
cver | day.

Examination of the tubes indicated that the Fouling was due to printing pastes, lint
and fine =and.

Ihase 2
In order to overcoma the tube fouling, several plant modifications were made ;-

{i} the effluent source was changed to the yarn dyehcuse pipeline, and o a
fabric dyeing machine,

(i} diatomacaous earth, polyelectrolytes and the alum were added 1o the feed as
filter aids,
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{iii}
(iv)

a wedge wire screen was installed prior to the (locculation tank,

to avoid cavitation, the pipe manifolding from the pump suction was changed.
The tube velocitiss were then ingreased from 1,6 m/s to 2,5 m/s.

The effects of these changes improved the flux performance. The {lux dropped
from 525 ¢/m?h to 160 £/m2h after 5 days of continuous runring.

After a new set of tubes ware fittad onto tank 2 the flux declined from 260 #/m2h
to 90 #/m*h after & days of continuous running.

Phase 3

The second bank of filter tubes were replaced with new ones and the velocity in the
tubes for both banks was increased by redusing the number of tubes in paralle] from
25 to 15.

The flax performance improved substantiaily, with fluxes of 380 £/m?h drapping to
40 ¢/m2h. However, on average the fluxes obtained were maintained at 100 to
160 ¢/m?h for 1 day and 3 days respectively.

Control of the flux decline was possible by allowing the tubes to dry out and with
periodic acid washas.

The rejection performance is summarised in Table 4.74.

TABLE 4.74
SPECIES REJECTIORN ACHIEYED BY PILOT PLANT CFMF
Parameter Faad Permaata % Rajactlon
Con {mz/8) T1E 188 -]
TG {mg /L) it i) 8T
ADMI Calaue ThZ 138 1.

Table 4.75 is a summary of tha parformance of the pilot plant cross-flow microfilter

from July 1981 to September 1522,

TABLE 4.7%
FERFORMANCE SUMMARY OF PILOT PLANT
CROSS-FLOW MICROFILTER

July+Drac Jan-June July-Ssp Total

10El 1582 1082
Running tine (b} 1460 2623 1 669 G 54k
Feed volume () T 143 1 408 1 367 4918
Produect yolume (m¥) 13822 1112 1 30 41H
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Table 4.76 gives a summary af the feed and permeate compositions over the same
time period.

TABLE 4.76
SUMMARY OF FEED AND PERMEATE COMPOSITION
{JUL 1981 TO SEPT 1982)
pH Cond T8 Na coD T ADMI
(m8fam) | (gff) | (mgfl) | (mg/€) | (meff) | Colour
Dyeahouse Maan 741 [1X:].] 0,61 152 TEY 174 {7 ]
Effluant Min b,50 0,11 0,13 45 18 i) 17
Max 12,24 T80 508 440 B 461 415 a8 504
CFMF Meon | 600 179 156 422 224 81 219
Perineste  |Min | 42 0,40 0,14 & 18 15 19
Max | 9,08 10,00 12,98 800 £33 153 2 028

4.12

4,12.1

4.12.2

The design flux for operating periods between January (o September 1982 was
achieved for 100 te 150 hours depending on the character of the feed.

High tube velacities improved the initial performance and the steady state Flux.

These results indicate that cumulative product fluxes al'ter a week of 100 £/m?h may
be achieved under the pressure conditions of high outlet pressure and high tube
velocity.

CROSS- FOOD
AND CARAMEL INDUSTRIES
Introduction

An imvestigation was undertaken ar Robertsons Spices (Pty) Ltd. (o evalunte the
feasibility of treating effluents from their food and ¢aramel factories with cross-[flow
microfiliration in crdar to reduce effluent discharge costs,

The food faciory produces dry powders and pasiy products, Raw materials are
mainly starch, Fats, salf, monoscdium glutamate, dehydrated vegetables and small
guantities of supar and caramel. No processing aids are used. In addition, there
i5 a kitchen where whole chickens are cogked in an autoclave, and the fat removed
in a baskel centrifupe.

Labkoratory Investipations. i

Laboratory tests on both fogd and caramel factory efflugnis were underrzken
{Appendix 4.44 (Part 1)). Analyses of thase affiuents is given in Table 4,77 and
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4.78. The focd effluent was often high in suspended solids causing sludge formation
in the sumps. Ower a five month period, 14,4 m? of sludge, mainly sertled fat and
starch was collected.

TABLE 4.77

ANALYSIS OF FOOD EFFLUENT TAKEN AFTER WEIR

(Daily Food Compuosites from 9/4 - 11/4/85)

Poaromatar Minimum Average Meximum
valuwx valtie value
rH E,01 7,28 11,5
TS (z/£} 4,208 E,900 14,570
TDS g/ 3.176 5270 5,019
ss (z/f) 1,032 3,690 6,551
TC {mg/E) 760 1356 2 387
Ic {rog/ B} 72 163 200
TOC {mg/ 6} 85D 1435 2 316
OA {me/L) 102 218 (3]
talelu] {mg/f) 2 251 4 215 818
BCD § {mg/l) Z 0D T 900 3900
Cond fmS3fem) 8,07 4,85 7,80
Ash (7] 1,987 6,241 7,504
Mot (mg /) 108 970 1700
K+ (mg/E) 24 24 1]
Co+2 (me/d) 15 206 30,6
Mg+ (mg/€) 19 8,9 12,1
(ul img/f) 410 810 1023
80473 (g ) 5D 50 50
Has o (] (]
Folin protein (mg/l) 312 537 78
HPLC wugnr o 1] 1]
ALMI eolour {mgfE) 442 731 1020
ON and Caka {mgfL) - 400 -




TABLE 4.78
AMNALYSIS OF CARAMEL EFFLUENT

{Draily Food Composites from 11/4 - 8/5/85)

Parameter Minimum Average Maximum
walue value wvaloe

pH 568 6,50 7 AB
TS (e/£} AT 51,8 77,62
TDS {74] 46,99 49,86 52,73
Sugspended molids {714] 1 1,54 -
TC (gl L) BB 10 156 22 koo
ic fmg/€) 180 522 BAd
TOC i TA] 12 672 17 496 22 320
cA (mg/8) 287 3% 817 112 000
coD (mefE) 40 868 45 004 45 159
BOD 5 (mg/E) 580 B9O 1200
Cond {mS/em) 1.3 23,1 44.E
Ash (/) 22,04 27,33 32,59
Hat (mg/£) 88 6 540 15 OB
K+ (mg/E) 5.6 B8 5.6
Cat+2 {mg/ L) 9,0 15,0 30,7
Mg*2 {mg/f) 3.5 g1 124
o {mg/L) 16 ] 1%
50,2 {mg/f} & 7R & 275 9 aTh
Glucose and zylose 6,00 5,09 8,00
Redox fm¥) 250 as 145,0

Settling tests showed that concentrations of TS, 88, TOC and OA in the food Factory
effluent conld be reduced, (Table 4.79) but that the concentration of dissolvad
inorganic salts was unaffected.

TABLE 4.7%
CONCENTRATION REDUCTIONS ACHIEVED BY
SETTLING OF THE FOOD FACTGRY EFFLUENT

TS DS Surpetidad TOC QA Cond
1clida

(%) (%) (%) (%) (%)

36,4 18 &0 B ko 38 & Lo 26 0

Cragulation tests were undertaken at different pH values, but in general were not
affective and gave variable resulis.



4.12.3

4,13

&

Fijtration through a 0,22 p filter reducaed the TS and OA concentrations of the food
effluent by 33 % and 24 % respectively and the TC of the carmel effluent by 31 %.
A reduction of 89 % in the TC concentration of caramel effluent was abrained by
filtering the effluent through diatomacecus earth after adding polyalestrolyte.

ss=Tlow ¥ ion

A zemi-technical scale pilat plant was installed at the factary to treat aifluent from
the food factory (Appendlx 4.4%5, Part 2} The cross-flow microfilter had the
following specilications ;-

Fomp :  Mono pump

Pump delivery : 3.8 m3h

Flow velocity 12 mfs

Inlet pressure r 10H) to 250 kPa

Tube diameter : 25 mm

Tube type 1 palyester

Filter aid :  [I} diatomaceous earth

(2} metal hydroxide

Effivent was coliected in a feed holding tank and pumped to 2 clarifier. Overflow
Erom the clarifier was used as feed to the cross-{low microfilter,

Teasts were conducted using digtomaceaus earth as a precoat,  Fluxes obtained were
low, 1D w0 20¢/mzh, over a 28 hour period at 9 pressure of 120 kPa.  1Jsing alum
as a precoat, a premeate {lux of 204/m?h was obtained over a 7 hour period at the
$ame prassure,

The permeate was free from suspended solids and a significant degres of colour
removal was pbiained,

QA rejections of up to 50 % wera obtained depending on the precoat used and nature
of the elfluent.

- W MICROFI N OF SAP IL
EFFLUENTS

At SAPREF refinery four effluent streams are generated from the various processing
units. These are :-

(i the CDU II stream which srises from the crude distillation unit,
(ii} the Road & stream fram the catalytic cracking umit,

(iii} the Road 6 stream from the No.l crude oif distillation column tank,
{iv) the Luboil siream From the production of lubricating oil.

All these streams eeport to 8 mixing tank where they are combined before being
discharped to the sewer.
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An investigation into the treatment of SAPREF effluents by reverse osmosis was
undertaken. The aim was to recaver water of suitable gquality for reuse ejther as
cooling tower make-up or boiler feed water.

The SAPREF effluents contains high malecular weight organics, small oil particles
and varigus salts, Traatment of these effiuents by reverse psmosis, required the
development of a pre-treatment sequence t¢ remove potential membrane Faulants
such az oil, adsorbable organics and colloidal and suspended material.

A pretraatmant saquence involving flocculation, dissoived air flotation and cross-[low
microfiltration was evaluated,

As the CDUJ II effluent stream was the most voluminous, laboratory tests were
conductad on this efflugnt which is made up of the liquors Mrom the crude distillation
unit with the pericdic addition of demineraliser regeneration chemicals, the desalter
wash water and sour water liquors. Analysis of thas effluent is given in Table 4.13.1

TABLE 4.80
CDU IT EFFLUENT STREAM ANALYSIS
Frrametars Typical Discharge of demineralizer chamicale

Anion Catjion
pH 8,80 11,0 ,45
Cond {mS/cm) 42 7,13 1301
T5 g/} 1,84 4,56 7,61
TDS (/&) 15 5,92 TAB
TG {mg/L) 198 122 126
Ic (mg/f) 28 10 36
TOC {mg/ L} 172 112 84
] {mg/ L) 939 2712 4280
Na {mg/E) a6 1482 29485
Ca img/Z) 22 4.7 76
Mg {mg/€) 32 0,8 54
S0y [mg/E) 280 120 250
il (mg/ &) %5 .| n
GA (my/d) 2% a8 30
8 img/ ) 12 13 16

The use of in-line flocculation and cross-flow microfiltration to remove oil and
eclloidal matter was investigated,

The effinant was flocculated with 100 mg/f of aluminivm as alum and the pH
correctad to between pH 4.3 to 5,0 by the addition of sodium hydroxide. The
Flocculated effluent was then cross-flow microfiltered For 24 hours under total recyele
conditions.  Flux and membrane rejections were monitored.  Analyses of the
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flocculated effuent, cross-flow micrefiltration permeate and the species rejections

obtained are given in Table 4.8). Cross-flow microfilter performance data iz given
in Tablz 4.82,

PERMEATE AND SPECIES REJECTION

TABLE 4.81]
ANALYSIS OF FLOCCULATED EFFLUENT, CROSS-FLOW MICROFILTRATION

Fand Parm Rajaction Faud Ferm Rajuction
(%) %)
Timk {h) 05 1]
sH 451 4,74 4,57 455
Cond  [mS/em) 459 4,98 4,58 4,67
TS (/&) 42 3,84 20 3,20 3,39 13
te] ig/f) 1,01 1,01 1,04 1,08
TG {mg/€) B2 66 20 BD 60 1.
con  (mglf) (1.7 493 a7 81 453 22
Ha {mg/E) 040 960 040 966
au (g6 130 WD 100 - NI 100
TABLE 4.82
CROSS-FLOW MICROFILTRATION PERFORMANCE
DATA
Tima Flax Fresaure Temporature

{h} {Z/ne*h) {kPa) ('c}

| 81 oG Ambient

1 57 i1

& :18 g

8 81 A0

3 o4 oo

24 43 300

The flux dropped rapidly to 81 ¢m?h within half an hour probably due to the

prasence of the oil in the effluant.

removal and COD rejection above 20 %,

The permeate quality was good, with total ail

Because of this low Flux, it was considered necessary to remove the gil by dissolved
air flotation prior to cross-flow miccofiltration (Appendix 4.46).
from the flotation cell was Mocculated with 50 mg/¢ of iron a5 ferric chloride and

the supernatant used as Feed to the cross-flow microfilear,

The underflow

Cross-flow microfiltert performance was significantly improved with a flux of
360 £/m?h recorded aftetr 24 hours oparation {prassure, 150 kPa; temperature, 24 °C,

mambrang area 0,2 m?) compared to 43 £/m2h on the original effluent.



4.13.1

i0g

From -ithe laboratory scale investigations, a pre(reatmant sequence system of
flocculation 2nd dissolved air flotation (DAF) followed by cross-flow micrefiltration
was established. In order to confirm Jaboraiory results and to determine operating
conditions a semi-technical scale investigation was undertaken.

A new batch af effluent was received from SAPREF but a5 this was lass concentratad
than the first batch received,the DAF underflow was concentrated up to approximately
90 % using the cross-flow microfilter at an inlet pressure of {50 kPa and a temperature
of 19 °C,

The effluent was preflocculated with 15 mg/f of iron as feeric chloride.

The cross-flow microfiltration of the DAF andarfiow gave a permeate of quality
suitable for use as feed to a reverse osmosis unit, having an SDI value of 4,5. Permaate
fluxes ranged fram 430 to 570 #/m2h over the concentration range.

Follawing laboratory and semi-technical scale jnvastigations an on-site pilat plant
censisting of a DAF unit, a cross-flow microfiltration unit and ravarse osmosis unit
was installed at the refinery to provide the necessary design basis for full-scale
costing and economic evalnation.

The cross-flow microliltration unit consisted of a chemical dosage system, a feed
pump, & tubular microfilter and associated control equipment.

The installed cross-flow microfiltration area was capabte of being varied from 8 to
24 m2. On a total tube area of 12,6 m2, the pretreated CDU II effluent gave MNuxes
of between 30 1o 400 £/m?h,and produced a permeate of high quality with an SDI
value of 3, 9 (Appendix 4.47).

Due to unforeseen problems in the delivery Tine from the CDU 11 sump to the mixing
tank, it became necessary to switch the pilot plant over to other effluent streams.

-Elow Microfiltration fla

The lnbie oil effluent was similar in chacacter to the effluents originating in the crude
distillation unit and catalytic cracker, except that it contains greater amounts of
various solvents such as methyl-ethyl-ketone and furfurol. An analysis of the raw
lube oil effluent is given in Table 4.83.
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The flux decline was pronounced, falling from 93 £/m2h to 35 ¢/m2h during the first

3G w 40 % removal of organic carbon was
achieved and the turbidity of the &fflusnt was greatly reduced (Appendix 4.48}.

Tests were carried out on the mixed effluent which consisted of the four process

TABLE 4.83
LUBE OIL EFFLUENT ANALYSIS

pH 7.7
Cond {3 fem] 27
D8 frog/f) 1420
T8 fmg/f) 1 640
Na (mx/E) 196
Ca [eng /) 3
Mx (mg/E) 10
K (mx/E) 10
cl g/ E) L
504 {mx/E) 300
TG (mg/E) 57
Ic (me/E) 2
TH {me/€) 50
con (e E) 3
Qil on bilkered samphe 15
Qil on undiltersd sample 15

15 hours of wtal recycle operation.

streams,

TABLE 4.84
MIXED EFFLUENT

Pararatar
pH T.7R
Cond {m8 em) 2,1
TS g/ 2,13
TDS iz/l) 2,108
TC (mg/£) 181
] (mg/E) 13
TOC img/£) 118
Ca {mg/£) 11
Mg {mg/E) -]
Na {mxf) 852
a (mgffy 1 065
504 {mg/E) 302
aA {mg/#) -
i {mg/ L) 2
COD {eog /L) 516




Cross-flow microfilter performance data is given in Table 4.85.
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TABLE 4.35

CROSS-FLOW MICROFILTER PERFORMANCE OF MIXED EFFLUENT
pH of faxd 65 6,5 65 65
Feed Pow [on®h) 4.3 4.2 4,1 4.1
Reject ow (o3 7h) 0] b1 0.1 0.1
Pressurs {kPa) 130 120 136 136
Permesta flow (m3/h) 4.1 4.1 4.0 40
Walel rasevery (%] s %3 ] ]
Aren of tube {m3) 6,3 63 5,3 63
Flux {£fm®h) #E0 650 835 B35
Specilic Mux {£fm%h kPa) 5,42 A3 47 470

Permeate quality as estimated by the SDI values obizined wsas good. Typical SDI
values of the DAF underflow and cross-flow permeate are given in Table 4.84.

TABLE 4.85
MICROFILTRATION PERMEATE MIXED EFFLUENT
S of Underflaw SDI of Microfiltrate
T 4.2
T8 45
B2 48
1.5 6.5
8.5 85

Table 4.87 is a summary of the cross-flow microfiltration data obtained on the
varigus SAPREF efflvents during gperation of the pilot plant.

Treatmeni of the DAF underfiow by cross-flow microfiltation gave water of a quality
suitable for reverse asmosis treatment. Fiuxes were good and water racoveries high,
Littie fouling of the microfilter was evidenced during the period of operation
{Appendix 4.49).

QOceasionally a sour water stream, high in dissalved H,S and sulphides is added to
the CDU II sffluent, resulting in a fine metal sulphide precipitate. This precipitate
was difficult to remove in the cross-flow microfilter and it is recommended that For
Full-scale operation the sour water stream be kept separate from all the other effluents.

The addition of demineraliser regeneration chemicals 1o the CDU I stream had litle
adverse effect on the performance of the cross-flow microfilter.
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The presence of solvents from the lube oil manulacturing plant {furfural and
methyl-ethy)-ketone) did nit have an adverse effect on the microfilier.

TABLE 4.87
SUMMARY OF THE CROSS-FLOW MICROFILTRATION DATA
Erfluant typs Tirma Flux Bin T3 DI
(mg/)
{h) {£fmZh) kPa Feed Perm Parm
aoUz ) s 6.0 283 120 0,73 0,53 415
15,25 303 18E E,51 848 4,590
16,40 3%7 158 2,36 2,19 4,49
ROAD A + 8,87 201 170 1,83 161 4,0
couzin b 15,0 507 170 2,66 3,48 4,51
1282 301 144 2,832 282 4,54
CoUZ) = 6,83 507 120 G, 70 187 -
a0 BTl 200 203 147 -
T4 644 157 L5T 227 4,40
Mixing Tank (i) a7 510 100 0,79 0.k 3,50
26 722 160 1,76 40 5,60
14,8 506 143 156 100 4154

CFMF plant aran key ¢

] 127md
iy &7mé
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THE DEWATERING OF SLUDGES BY TUBULAR FILTER PRESS

51

51.1

The potential of using a cross-flow microfilter in a tubular filter press mode, For
dewatering sludges was investigated. Dewatering a slodege produces a spadable cake
which can be disposed of more readily compared to & sludge. Thus the tubular
filter press offers an alternative methed for the disposal af water woarks, industrial
and sawage sludges.

EWATE OF WATER SL

Water works produce sludpges which rangs in concentration from 2 1o 50 g/£ depending
on the treatmnent and chemical; used. Mast common are afum, lime and
polyelectralyte/bentonite sludges.

Dewalering of Alum Sludoe

At Durban Heights Water Treatrment Works, alum sludge is produced. A pilot plant
was installed to investigate the effactiveness of the tubuolar filter press in dewatering
the alum sludge and to determine the spacific cake resistance of the sludge,

The tubular filter press had the following specifications «-

Tuba type :  Woven nylon
Tube dimensions P 25mmx3Sm
Fiiter area ;0,40 m®

Run time ;0,33 10 8,20 hours
Feed pressure ;. 200 o 520 kPa

The tomal solids concentration obtained by the tubular filter press varied between
24% m/m after 0,3 hours of pressing at 200 kPa, to 31,8% m/m after 8,2 hours of
prassing at 400 to 520 kPa (Appendlx 5.1).

A summary of the tubular filter press results are given in Table 3.1,

TABLE 5.1
SUMMARY OF TUBULAR FILTER PRESS RESULTS

Specific cake Equivalent caka Fenel Bguivalent

rigtance volume TS cake mam

{m/ e} (=) ¢/ (g/m?)

3,85 x 1013 0022 39 215
248 x 1018 0,058 21 A
2,52 x J013 0022 10,2 566
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Dewatering of Lime Sludgs

A semi-technical scale sludge dewatering pilot plant was installed at the Rand Water
Board's Yereeniging Pump Statign,

The piiot plant which consisted of a crpss-flow microfilter unit and a tubular filter
press unit was used to dewater lime sludge produced from the treatment of Vaal
River water,

The cross-flow miceofilter thickened the lime slurry to 30 o 70 g/¢ 1otal solids
concenlration.

The wbular filter press was operated as a dead end filter by closing the outlet valve
and pumping studge into the twubes where it was dewatered to a cake consistency.
The cake was removed from inside the tubes by means of a roller device.

The tubular filter press had the (ollowing specifications :-

Tube type Woven polyaster curtain
Tube dimensions 25 mm x 5 m x 4 tubes
Area 1,5 m2

Tube configuration 4 tubes connected in parallel
rluid velacity 0.0 m/a

300 1o 800 kPa

The aim of this semi~technical scale study was to evaluate the potential feasibility
of the unit, sizes and running costs. Comparison with alternative processes were
undertaken,

Feed pressure

Tubular filter press performance and dewatering datz are given in Tables 5.2 and
5.3 (Appendix 5.2).

THE TUBULAR FILTER PRESS CAKE DRYNESS AND

TABLE 5.2

PERCENTAGE SOLIDS CAFTURE

Fead Total Coapfured Caka Cake

sndge Oltrats caks dry caplure

volume mos awolids %

{e/f) i£) {z) (m/m) {%)
38 Bi - 58 -
ELY 6 7 400 s 92
& 47 & 130 % 100
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TABLE 5.3
SPECIFIC CAKE RESISTANCE

Freasure Spacific calin Cake
registance eibtance

(kPa) {mykg) (m-1)
400 2,04 x |o!3 7,17 x 1012
300 1,29 x 101¥ 4,44 x 1012
a0 2,47 x 1013 4,49 x 1012

5.1.3

(i}

A comparizon between a tubular filter press and a chamber filter press treating 0,5
Me/d of & 12 % m/v sludge indicates that at an operating pressure of 800 kPa, the
tubular prass area requirad is 218 m? while the chamber press requires 707 m?. Thus
thae cost of the tubular press per unit area will be very much less than the chamber
press. However the cake dryness of a tubular press (40 %) will not be as good as
that obtained from a chamber press (65 to 70 %).

Thiz praliminary feasibility study indicated that scale vp is conceivable,
It is recommended that :-

large zcale tubular press pilat planis be constructed and tested at both Rand
Water Board's sludge stations.

(11} Furure tast work should examine the :-

{a) Daily and se=asonal variations in sludge filterability,

{b) Design faatures required and operating methods necessary to accommodate
variations in sludge quality and quantity.

{c) Optimum cleaning ¢ycle over an extended period of time.

{d) Relative merits of both the spray and roller cleaning methods.

{e}  Filter tube lif= and the selection of optimum (ibre type for this particular
application.

The Dewsatering of Polvelectrolyic/Bentonite Siudpe

A pilot plant consisting of a cross-flaw microfilter, operated as a sludge thickener,
and a tubular Filter press was operated at the Umpeni Water Board's D.V. Harris
Treatmant Plant, t¢ determine the suitability of the units in treating the
polyelectrolyta/bantonite sludge produced by coagulation and flacculation of water
from Midmar Dam. '

The tubular filter press had the following specifications :-
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Tube type EPCC (Pry) Ltd, woven filter tube
Tube dimensions 24mx 25 mm
Tube prea 09.078 m?

Tube prassure I00 to 600 kPa

Five tubular Filter press runs were carried put using poiyelectrolyte/bentonite sludge.
An average cake solids of 25% m/v was obtained., Tube cleaning and caka captiure
techniques were developed., Sufficient sludge filterability data was obtained to
anable the size of a full scate plant to be estimated.

The data is summarised in Table 5.4 and the estimation of the specific cake resistances
ars given in Table 5.5 (Appendix 5.3).

TABLE 5.4
TUBULAR FILTER PRESS SLUDGE FILTERABILITY, OPERATING CONDITIONS
AND RESULTS
Foad TS {g/f) 18 58 27 aLE
Flltar oran [mg} 0,183 0,183 0,183 0,183
Fressura (kPo) 400 40n i) 400
Filtrate | Filtration | Filiceke | Filtration Filtrate | Filkration | Filirate Filtration
valume rake volume roks volume roke wolume rote
v difdv v defdy v defdv ¥ de v
{m3) fafm¥) {m3) {afm3) {m¥) {afm?) fm®) fs/m¥%}
0,0045 1,09 <105 | oooo8 | 281x:0% | 00030 | 2,79 x 109 |0.0028 2,05 x 108
00080 | 2,26x10% | 00043 | 488205 | D0044 | 4,47 x 105 |0,G044 4,87 z 108
00072 | 307105 | 00068 | 635105 | 0,0054 | 5.46x 10F |0,0064 5,35 x 109
00000 | 4,37 x 108 | 0081 | 7o 10f | opore | 757 10 |n0075 8,36 x 105
0,010 562x10F ] 00005 | 220 x 105 | 00083 | EB.55x 107 |o0084 5,78 x 10%
o01z7 | 656 Wb 00000 | 256« 105 {00008 5,30 x 106
00145 | 7.87 x 105
TABLE 5.5
ESTIMATION OF SPECIFIC CAKE
RESISTANCES OF
POLYELECTROLYTE/BENTONITE SLUDGE
Specific cale resivkance
352 x 1413
3,20 x 1413
E30 x 13

4,10 x 113
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The data indicatez that, assuming 2 feed sludge flow of 20 k&/day and a sludge total
solids concentration of 60 g/¢, a full-scale 80 M capacity plaat should have the
Following specifications :-

Cuartain length : 10 m

Number of curtains : I

Toial filtration area : 16 m?

Parallel tubes per curtain 20

Cycle time : 18 minutes

Pump size Press (illing 10 m3/h
Pressure : 0,8 m¥h

Cperating pressuta : 500 kPa

Power usags : 3,2 kWh/T

It is recommendead that these unitg be considered for large scale testing and evaluation.

Dewsntering of Polvalectroivte Sludge

At the H.D, Hill Water Treatment Plant in Pietermaritzburg, the turbidity aof the
surface water ranges from 3,5 to 74,0 NTU with an average of 12,0. A polyelectrolyte
with the occasional addition of bantonite {usually in the winter months of low rainfall
and low turbidity) iz vsed as the coagulant in the treatment of raw water. The
concentration and flow rate of the resulting siudge are approximately 20 g/¢ and
50 ké/day respectively with an average af 22 g/¢ of suspended solids and a total
solida concentration varying from 4 to 40 g/¢ (Appendix 5.4).

A prototype tubular filter press unit was canstructed and its performance tesied on
polyzlectrolyte sludge. Different Filter be fabrics were compared.

The tubular Filter press pilot plant had the following specifications ;-

Pressure pump : Helical cotor pomyp

Cleaning/flushing pump : Centrifugal pump

Tube array : Filter tube curiain

Present operation i 25 mm x 10 curming consisting of up

to 20 parallel tubes. Provision has
been made for the installation of up
to 6 of these [ilter curiains.

Cake thickness : Maximum - 20 % of the tube diameter.

The configuration of the various tubes used is given below ;-

{1) Tuba type i Triple seam - Gelvenor Textiles
Tuba dimension {25 mmx10m
Tube configuration : 20 tubes set in parallel flow
Tube seam sealing :  Shoepatch

Total operating time 1 1 00O hours
Ciperating tima : 400 kPa average



{ii)

{iii}

(iv)

(v

Comments

Tube 1ype

Tube dimensicns
Tube configuration
Tube seam sealant
Total operating time
Operating pressures

Comments

Tube ype
Tube dimensions
Tube configuration

Tube seam sealant
Total aperating time
Operating pressures
Bursting pressures
Comments

Tube type

Operating pressuras
Operating pressuras
Tube specifications

Tube type
Tube dimensions
Tube configuration

Tube zeam sealant
Comments

17

550 kFa maximum

1) Tube blockages - howsver these were
overcoma,

2)  Tube stretching - not excessive.

SPX - Galvenor Textiles
25mmx 10 m

2{0 tubes set in parallel flow
None

200 h

500 kPa average

335 kPa maximum

Tube blockages - very few

SPX - Mark I Gelvenor Textiles

dA3mmx 10m

15 out of 22 woven tubes set in parallel

flow

Nil

20 h

400 kPa

560 kPa

1) Tube blockages - nil,

2t Tube stretch - excessive at pressures
above 400 kPa,

SPX - Mark I Second clath sample
400 kPa

450 kPa

A5 in (iii) above but there were only
13 operating tubes.

SPX - Mark II Gelvenor Textiles

HWmmx10m

13 cut of 22 woven tubes jn use

set in parallel flow

Mil

1} Tubae blpckages - nil.

2)  Tube strotch -excessive
siratching above 300 kPa.

Whan it was estimated that the desired cake thicknass had been achizved {through
monitoring the filtration rate), the cake discharge valve was opened, the {lushing
pump started and the ¢ake dislodged from the inner tube surface by rollers moving
along the tube surface. A high pressure water spray system was installed For cleaning

the filter curtain whenever necessary,
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Each cycle consisted of a cake formation stage (10 to 60 minutes) and a cake removal
stage (2 to 3 minutes). Feed sludge was pumped under l2vel cantral into the feed

tank, filtrate was returned under gravity (o the head of the works and cake was
deposited oz a trailer prior to dumping.

Conirpl of the feed sludge concentration was automatically achizved by monitoring
the auantity af feed sludge required to deposit a given caks layer.

The entire process was micro-processor contrelled and required a4 minimum of oparator
attention.

The analytical data is summarised in Table 5.5,

TABLE 5.6
FEED}, FILTRATE AND CAKE SUSPENDED SOLIDS
CONCENTRATION
Feed Filtrate Coke
ubmpreinted siapended solida
solids molide concankeation
(e/0) {rog/ ) {% m/m)
Mezan 22 FL? 31
Range 2 ko 40 0 to 200 B4l

The solids treatment capacity is approximately proportional io the Ffesd solids
concentration. The feed solids concentration varied from 4 o 40 g/£ while the cake
concentration remained at 30 %. A feed solids concentreation of 30 g/¢ resulted in
a dry solids treatment capacity of 25 to 30 kg/hr. A fleed solids concentration of
5 to 10 2/¢ resulted in a treatment rate of 5 o 10 kg/hr.

The liquid treatment rate was constant at 1| m3/h and is almast independent of the
fzed solids concentration.

The filtrate quality is dependent on the feed sludge selids concentration. A fead
sludge with a high suspended solids concentration {in excess of 15 g/£) rasults in the
rapid deposition of a cake and a [iltrate with 0 te 75 ma/f of suspended solids. Cake
build up is slower for a faed with a low suspended solids concencration (less than

10 g/}, and the resultant filtrata has a kigher suspended solids concentration (up to
200 mg/e).

The cake moistuce content is dependent on the average cake voidage which is governsd
by the operating pressure.

Tubular filter press operating data js summarised in Table 5.7,



TABLE 5.7
THE EFFECT OF OPERATING PRESSURE ON CAKE
MOISTURE CONTENT AND SPECIFIC CAKE
RESISTANCE
Fressura Cake walide Spacific coake
cancentration resminnce
{kP3) {% mfm) (=nfkg)

200 35,0 0,75 x 1013
400 54,9 1,35 x 1013
800 36,2 1,85 x 1ald
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Decreasing the cake thickness decreases the resistanca to filtration and increases the
filtration rate.

The effect of operzting pressure on production rate is dependent on the cake
compressibility. The production rate is proportional to pressure for an incompressible
cake while being insensitive to pressure Far a highly compressible cake (Appendix
5.8). The polyelectrolyte sludge was found to be compressible (compressibility
coefficient of 0,89).

A comparison of the performance of the different Filter tubes is given in Table 5.8.
THE TREATMENT OF INDUSTRIAL PROCESS SLUDGES

The potential of the tubular filter press for dewatering sludges generated in the
Johannesburg Consolidated Investmeat Company's (JCI} mining and mineral process
operations was assessed.

Four siudges were used :-

{i} Underground sludge (unlimed) : Raffinate from the clarification of
underground mina water using lime and polyelecirolyte.

(i) Underground sludge (limed) : Lime was addaed to sample (i) and the pH
increased to a value af 11.

{(iif} Cyanide sludge @ Resulting from ore processing for gold recovery.
{iv) Raffinate siudge: Resulting from ore processing for uranium recovery.

Test work was undertaken to detarmine the effact of solvents present in the Raffinate
sludge, on the filter tube fibre strength.
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TABLE 5.%
CLOTH PERFORMANCE SUMMARY
Tuba Tube | Opersting| Perm Coke Tube | Tube | Manifelding| Tubs Tokol)
type blockage | pressure | quality | releasa ! repalr | hanging Stretch | scora
25 mim 2 5 2 i 2 -] 3 2 A |
5 Seam
25 mm 2 2 4 4 2 2 2 2 i1
8PX
40 mm ite) o 4 4 ] 2 2 1 19
SPX Mack 1
40 mm 4(a) 3 4 4 2 2 2 1 21
SPX Mark [I 1)
25 mm 2 4[€) afd) 1 E(a) 2} 3=} 2(e)
Pire-hosa Jacket [g) 16
25 mm 2 2 1] 4 Z(n) 2{b) 3fe} a
Swles Silk {z]
Notes ([a) damaged tubes can be repaired Hating key : 0 - pnaccepiable
(b estimakted -no axperience ) - poor
{) tubes cat be manifelded individually 2 + patisfnctory
{d} permeate quality i excellent [or cartain weave qualities, poor for 8 - good
athar 4 = wxcellent
[e) estimatad -operating axperience limited
(r) tubes have baen opecatsd ot preasites of up to KK kP
{g) tast work or single tuba

The semi-technical scale pilot plant had the following specifications :-

Filter tube : Triple seam sealed - polvester
Tube dimension : 3m x 25mm

Pressure pump : Mone pump C32M

Cleaning pump : Ailfa Lave| Centrifugal pump GM2

& total of L& constant pressure batch pressings were underiaken, For each test, the
rate of filtrotion was measured against the gccumulated volume filtered.

A summary of analytical resuits are given in Table 5.9, the calculated specific cake
resisiance values are given in Table 5.10 and the average specific cake resistance
values of the sludge tested is given in Table 5.11 (Appendix 5.6). For comparison
H.D. Hill sludge values are also given.

The results indicate that, for the range of sludges generated by JCI, the tubular filter
press process can be uvsed successfully for dewataring. To optimise the process
careful contral of the Feed solids coneentration is required.



im

TABLE 8.9
FEED SLUDGE CAKE AND FILTRATE SOLIDS ANALYSIS
Sludgs Faud Cole Filtrote
Suap. pH ThS Surp_ solida
schids % H {anap wample)
i/} {s/d) {m/m} organics (x/f)
H.D. Hill eludge 232 75 0,16 29,9 15,0 -
Undergouund studge §8,5 8,1 24 46,9 3.7 0,183
{Unlimed)
Raffinate sludge FLY] 1.8 15 20,6 47 0,066
Cyanide sludge 173 9.7 ad 22,6 - 0,038
) TABLE 5.10
SPECIFIC CAKE RESISTANCE AND CAKE RECOYERY RESULTS
Bateh Faed Fend | Pressurs Ooka Filtrate Spacific Coka Cake sclids
ne. type conc. daposition fMlux batch coke resink. recovary § mase depagited
time end x 1012 Md
e/8) | (xPa) {mina) {£/m2h) {m/kg} () (ka/m?)
1 H.I, Hill 400 17,5 55 ang x 1083 1,636 7%
4 U/Ground | 233 400 110 108 2,7 x 1012 6,545 4,12
3 UfGraund | 98,9 400 7.0 122 2.0% 1012 0,585 2,87
6 D/ Ground | 86,5 400 4,5 180 3,5 x 1012 0,535 75
19 U/Ground | 92,8 400 2,6 340 2,1 x 10l2 0,480 2,75
with {ime | 92,5
a Raifinate 400 45 .Y | 2.1 x 1012 2,240 1,80
o Haffinata | 32,5 400 - 363 1.4 x 1012 - -
10 Raifinate | 32,8 400 2.3 1021 0,9 x 1012 - -
16 Cyanide | 878 400 4,48 218 15,7 » 1012 0,520 0,44
17 Cyanide 14,7 400 8.0 153 19,2 x 1012 0,680 0,56
18 Cyznide 19,8 880 55 169 22,4 x 1018 0,540 n,56
TABLE 5.i1
SLUDGE SPECIFIC CAKE RESISTANCE AT 40M) kPa
Sludge bype Specific cake resietance
{m/kg)
1 HE. Hill aludge 2040 x 12
2. Undsrground sludge 3.0 x 1012
3 Undergroand sludge with lime 2.1 x 1012
4. Raffinnte sludge 1.5 x 1012
5. Cyantde eludge 7.5 % 1012
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It is recommended that a pre-produstion scale pilot plaat be constructad for on-site
process evaluation. The following features showid be incorporated in the pilot
plant -

{i} skid mounting,
(ii} a sludee solids concentrations meter,
(iii)  a split feed tenk for control of sludge concentration,

{iv} full automation.

TREATM F BI L SI. ES

atering of A rabicall Raw and Waste ¥

An attempt was made to dewater anaerobically digested raw and waste activated
sludge using the tubular [ilter press {Appendix 5.7).

The tubular filter press pilot plant had the following specifications :-

Tube type :  Polyeater - single tube cut from 2 curtain
Tube dimension r Smmzxlém
Feed pressure : 500 - 350 kPa
Fead velocity v 0,1 - 0,05 m/fs
Feed total salids i 18 - 19.5 g/¢
Pracaat : a} Limestone
b) None
Chemical addition ! a) Nona

b} Alum to pH &
¢) Alum and lime

Pretreatment :  The feed was concentrated using a cross-flow
microfilter

It was found that the permeate flux decregsed wiih increasing permeate volume
collected (Figure 5.1), indicating that no significant cake depositipn had occurred.
When alum or alum and lime was added to the slndge the flux decline was less severe,

In general the tubular Filter press process is not suitable for dewatering anaerobically
digested raw and waste activated sludge, as no significant cake formatian could be
achieved, with or without chemical addition,
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Fead cancentration : 18 g/l
Additions : A none

B alum

C alum+kulr 15

24
22+
20+
=
™4
E
=
e
=}
(v
¥
0
FIGURE 5.1

J ! 1 1 !

1 2 3
Perrmeate volume collected (1)

VARIATION IN PERMEATE FLUX WITH INCREASING PERMEATE
VOLUME
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DESIGN AND OPERATION OF A CROSS-FLOW MICROFILTER

INTRODUCTION

Cross-flow microfiltration is a technique for removing colloidal and suspended parricles
which do not readily Flocculate or settle.  The use of woven fabric tubes as tha filtration
surface, with or without tha addition of precoating chemicals, axpanded the potential
of cross-flow microfiltration as an effluvent or waste water tregtment process.
investigations into the effectiveness af cross-flow miicrofiltration using fabric tubes,
have been reported in Chapters | 1o 4.

In designing cross-flow microfiitration units consideration shou!d be made of varistions
in the volume of feed due to either seasanal Factors or variations in the effluent
producing processes, for example seasonal variation in the velume of feed to be processed
can be accommodated by increasing or decreasing the filtration area. Variations in
feed solids concentration do not usually impose design limitations as the sysiem is
self-regulating in that a decrease or increase in salids concentration i5 balanced by an
increase or decrease in permeate flux respectively.

In this chapter, the equipment needed for cross-flow microfiltration and the various
modes of gparation are described. As the cross-flow microfilter can vary in size from
a single tube unit used for laberatory scale testing to pilot plant scals, emphasis is
placed on the type of information that should be recorded at each level of testing

E FLOW MI TRATION

The size and complexity of the equipment required te undertake c¢ross~-flow
microfiltration will vary with scale of testing, but the basic components remain constant,

These are ;=

fi} cross-flow microfilter tubes,
(i1 fead tank/s,

(iii)  pressure pump,

{iv} permeate collection Cacility.

The capagity or size of these components is largely determined by the number of filter
tubes {and hence filtration area) used.

Owver the years 3 variety of woven Fabric tubes have been tested, ranging from fire
hose jacket Mabric to s$pecially woven fabric,

For single linear filter tubes, best results have been cobtained using polyester fabric
woven by SST Thal {(Cat. No. 193). The muiti-tube arrays currently used are
manufactured by Gelvenor Textiles {Piy) Lid.
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A method of supporting the filter tubes is necessary, the complexity of the support
system varying with number of Milter tubes and their configuration, Various tbe
configurations have been uwsed, These include ;-

(i} linear,

{ii) spiral-flat, horizontal,

{iii) spiral-circular, vertical,

{iv) parallel flow,

{v) series Flow,

{vi} shell and heat exchanger arrangement,
{vii) header pipe arrangemsant,

{vili)  series taper.

The choice of tube configuration and support system is dependent on unit size, for
example for rapid screening or laboratory scale testing, a linear configuration with the
tube suspended over a gutter, is adeguate.

Generally a linear configuration is preferred regardless of size, as it facilitates
examination, repair and cleaning of the filter tubes.

On a single tube laboratory scale unit, cleaning is achieved by flushing and manual
squeezing to dislodgs particulate material from the filter tube fabric. For a scientific
scale unit jets of waier sprayed cnto the exierior of the tube during flushing is an
geceptable cleanping methed. A mechanised spray cleaning-head has been developed
to effectively clean multi-tube array curtains on the pilat-plant scale.

Feed tanks, pressure pumps and permeate collection facilities should be of a size
appropriate for the scale of the cross-flow microfilter uait.

MODES OF OPERATION

The mode of operation of the cross-flow microfilter can be varied. Depending on
whether the aim is t0 concentrate the effluent ot filter it, an sppropriate mode of
operation is chosen. The characteristics of the affluent may also effect the way in
which the cross-flow microfilter is operated,

Total Recvele

Total recycle is the most simple of the modes of cperation. Both permeate and reject
streams are recycled to the feed tank, thus maintaining overzll bulk composition of the
efflueat. This method of uperation is used largely for initial exploratory testings as
it gives an indicator as to whether the effluent is amenable to cross-flow microfiltration
treatrment. Permeate flux at zero water recovery can be measured and the quality of
permeate assessed,
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Bateh Congegiration

In the betch concentration mode permeate is continually withdeawn from the system
and the feed thus concentrated until the desired water recovery is achieved. The
degres o water recovery can be determined by the difierence in tank levels at the
start and end of each batch. If a high water recovery is required it is generally
necessacy to filter several batches of feed to, for example, 50 % water recovery. The
concentrates from each batch are combined and can be concenizated further. If the
desired product is the concentrated elfluent, then extra concentrate storage tanks are
required. Where the desired product is the filteate, a holding tank may be necessary,
until a voluma, sufficient for further use/treatment, has accumulated,

Serlal Batch Concentration

Serial batch concentration is similar to batch concentration, ex¢ept that the concentrate
is not ramoved at the end of each batch, but fresh fead is added to the tank and
filtration continusd. In this way the overall water recovery level is increased
continucusly but in an oscillating step-like manner.

inpou ed and Bleed

This mode of operation is used when, having achieved the desired level of water
recovery {(by batch concentration), a constant total solids coacentration is required to
be maintained in the concentrate. Only one feed tank is necessary and feed is added
continugusly, to compensate for permeate production and concentrate removal.  The
operating method is shown schematically in Figure 6.1,

Serles-taper

The configuration af a three stage saries-taper ¢ross-flow microfiltration unit is shown
schematically in Figuse 6.2. The number of stages can vary from 2 to 5.

This operating method is used where a large voluma of permeate iz reqguired at a high
water recovery., The system achieves the highest permeate flux at the lowest energy
consumption and is confined to large planlts.

Bacause of the overall pressure drop (from feed inlet pressure o final stage autlet
pressure), inter-stage pumps are nocmally required. The gize of these pumps can
decrease progressively, as the residual pressure from each stage is available for use by
the succeading stage and the feed volumetric flow decreases.

Where low water recovery is experienced from “down-line” stages, concentrate can be
recycled to the feed tank or 0 inter-stape feed tanks for reprocessing, or the number
of filtration tubes can be increased at each soccessive stage.
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Concenirale

Feed Recycle

Cross—flow
E; P Microfillar _D'Q_.'
Back Pressure
Purmp + Walve

Perrneate

FIGURE 6.1 : SCHEMATIC OF CROSS-FLOW M{CROFILTER UNIT [N
CONTINUOUS FEED AND BLEED MODE

Feed

=

Back Pressure
Vaohe

Rump

Farmants
o[-

FIGURE 6.2 : SCHEMATIC OF CROSS-FLOW MICROFILTER UNIT IN
SERIES-TAPER MODE
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A variation on the series-taper configuration is the once-through method of operation
where there is no inter-stage recycling.  Flow velocity is maintained by decreasing
the number of parallel tubes in successiva stages, with overall operating pressure being
maineained by inter-stage pumps.

LEVELS OF TESTING

A series of tests of ingreasing axperimantal and scieatific rigour should be nodertaken
to astess the effectiveness of cross-flow microfiltration in treating a particular effivent,
Depending on the results at any given stage, a decision to proceed to the nexi lavel of
testing can be made, The various levals of testing and the type of information obtained
at each stage are describad below.

Rapld Screentng Tasts

The lowesi level of testing is the rapid screening test, This comprises filtering the
effluent, under vacuum prassura, through a 0,45 pm filter, using standard vacuum
Filtration apparatus,

By examining the filtrate, an indication is cbtained of permeate quality. The filtration
rate can also be megsured. If A high filteation rate is obtained, buot the Filtrate is
turpid, the test can be rapeated vsing various Filtration aids such as diatomacequs earth
or limestone. The most satisfactory combination af Filtration rate and type of filter
aid is noted. [F more than visual comparison is required, the feed and filtrate can be
analysed For appropriate spacies and species rejeciion values calculated.

¥ ale =flow Itrati

The laboratory scale cross-flow microfiltration unit is illustrated in Figure 6.3 and
consists of a single microfiltration tube, together with a feed tank, pump 2nd permeate
collection gutter. If the filter tubes are to be precoated & separate precoat slurry mnk
streamlines operation of the unit.

The laboratery scale unit is first operated in total recycle mode to obtain flux values
af zero water recovery, Al this stage, any pinholing of the filter tubes, and turbidicy
in the permeate are noted and if necessary a precoat can be deposited on the Filter
tubes to improve microfiltration,

When the system has stabilised, which depending on the nature of the effluent, may
take a few minutes to a few hours, flux measurements can be taken. Flow velocity
and operating pressure arg variad systamatically to find the optimum coperating
conditions. The total racycle test can be repeated using tubes of different diameter.
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FIGURE §.3 : LABOQRATORY SCALE CROSS-FLOW MICROFILTER UNIT

6.4.3

If, for a given set of operating conditions, Flux values are constant for a reasonable
period of time, a batch concentration can commence. Permeate filtration rates are
measured regularly and any flux decline with time noted. If flux values become
unacceptably low or the volume in the feed tank drops rapidly (dve to high filtration
rates}, more Feed can be added and the system operated in $erial batch concentration
mode,

Flux datz obtained an tha labaratory scale unit are not indicative of values that would
be obtained on a larger unit.  Rather they distinguish between an easily filtecable
effipent and a mare difficolt one.

Regular collection of feed and permeate sample pairs can be analysed to provide
confirmation of removal of solids from the permeate and their retention by the
concentrate.  Concurrent rejection of other species e.g. total organic carban and
conductivity, can be checked.

cientific S¢al s5-flgpw Microfllicatlgn

Tests conducted using the scientific scale crass-flow microfilter are important as it is
from this scale of microfilter unit that accurate measurements are obtained which can
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be used for predicting behaviour on a larger scale. Conséquently considerable data
concerning the relationstips between operating variables shonld be collected. Different
filter tube diameters czn also be evaluated.

The scientific scale cross-flow microfilter contains one Filter tube which is cleaned
manuaily.

Additional items of equipment include -

(i) tlemperature control,

(i1} variable flow pump with a magnetic induction flow transducer and controller,
(iii} pressure tranducer and controller,

{iv) linear orifjce back pressure controller,

{v) covers (o minimise evaporation,

A typical scientific ¢ross-flow microfiitration wnit is ilustrated in Figure 6.4 and details
of operating instryctions are given in Appendix 6.1.

Concenirale
Faycta

Fead

[LEER | =1
- microlilter [ ot r
&. Bock presaure

Pump % valve

Permeate

FIGURE 6.4 : SCIENTIFIC SCALE CROSS-FLOW MICROFILTER UNIT

The data collected will depencd on the ultimate objective and area of intersst, but in
all cases the following data should be collected :-

{i) accurete Flux megsvremants,
(i} the effact of pressure an flux at various solids concentrations,

{iif} the effect of flow velocity on Flux at various solids concentrations.
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Where the concentrate is of prime inpterest, the relationship between viscosity and
concentration should be studied as the rheological properties of the ¢concentrate change
with incrzasing concentration and could determine the gpper limit to thickening,

The operation of a laboratory scale ¢ross-flow microfilter unit requires a person in
attendance always, Data is collected at 10 to |5 minute intervzls and experimental runs
are @ maximum of 12 hours duration.

Data obtained should be avaluated earefully. IF areas of uncertainty remain, further
tests should be undertaken. The aim at the end of scientific scale tasting should be
to have availabla, not only sufficient dam te enable scala-up 1o pilot-plant or Full scale
but to have pained an insight and feef for the behaviour of the effluent and 10 have
guantified the relatipnship between operating variables.

Pilat Plani Cross-flow Microfiltration

Testing on the pilot-plant scale enables engineering data and experience to be obtained
and allows the polential usar 1o gain axperience in gperation of the equipment. Large
vofumes of permezte and concentrate are produced which can be assezsed for use in
other down-stream processes,

A typical pilot plant scale cross={low microfilter unit is shown schematically in Figure
6.5.

FIGURE 6.5 : TYPICAL PILOT PLANT SCALE CROSS-FLOW MICROFILTER UNIT

High pressure
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In addition to the microfilter unit and associated tanks and pumps, additional componenis
such as a pH controller, a cleaning vnit, an in-ling dosing system, electrical cannections,
storage facilitiez for both feed and product may be required.

Each pilot plant should be designed to accomenodate on-site circumstancas, for sxample,
although the ideal pilot-plant should be completely autpomatic and capable of unattandad
operation such a design jis superfluous if the process preducing the effluent is of a
batch nature. Any variability in the nature and/or compasition of the effluent may
have to be accommodated by making provision for occasional dosing of flocculants.
Provided the behavioural relationships of the effluent have been fuolly determinad at
the sejantific stage of tasting, such on-sit® variables can be accommodated by engineering
principles. The data acquired during pilot-planr operation is mainly gqualitive on
operation and quantitive on chemical analyses.

ICAL NA ¥ THE

The chemical nature of the feed must be well understood in order that possible
physic-chemical changes can be taken inie account.

Aspects to be considered include:-
(i) the effect of temperature on sclubility,

(ii} oxidatian or reduction reactions (eg. post precipitation of fercic hydroxide from
ferrous salts),

(iii) adsocption of carbon dioxide from the atmosphers leading to post precipitation
of calcium carbonate in limead effluent,

{iv}) ageing of precipitates leading to thermodynamically very stable aluminases and
silicates which cannot be removed from the fabric,

(v} presence of charped organic bodies (surfactants, Flocculants, polyelectrolytes)
which could bond to the Fabric leading to enhanced or diminished finx valoes,

(vi) presence of nutrients leading to biological growth in the permeate,

{vil)  the stability of fresh efflvent.
PHYSICAL NATURE OF THE FEED

The parmeata {lux is dependent on the flow of fluid through the filter cake. The
porosity of the filier cake is dependent on the physiczl characteristics of the parricles
in the feed. Any change in their size, shape and distribution wil lead to variations
in the permeate Flux. For example, the loss of fine particles will fead to enhanced
permeate fluxes while the breakdown of [loc particles due to shear in pumps and valves
will reduce the permeate flux. For rigid spheres, a reduction in particle diameter by
a half will reduce the permeate flux from 160 to 10 &/m>h.



7

7.1

1.2

133

DESIGN AND OPERATION OF A TUBULAR FILTER PRESS

oD ION

A tubular configured sludge dewatering process has been deveioped {Appendix 7.1)
by the Pollution Research Group, University of Natal, in terms of a Water Research
Commission project.

A prototype unit was constructed (Appendix 7.2) at Umgeni Water’s HD Hill Water
Treatment Works and commizssioned in January 1987. The process has operated
sucressfully according to design [or a two year period. The water works studge has
bheen dewatered lrom a concentration of approximately E5 g/¢ to form a cake at
approximately 30 % m/m.

Following the successful operation of the HD Hill unit two units have been constructed
in the United Kingdom and cne in the United States of America. In addition
laboratory scale test work has been undertaken on numerous types of sludge, The
process has been licenced internationally and is marketed under the nams EXXPRESS.

In order to provide users and potential users of this technology with some indication
of the process performance and mathods of process optimisation, the process design
equations are provided together with test results on a wide ranpge of sludges.

EQUIPMENT FOR A TUBULAR FILTER PRESS

The process schematic 15 shown in Figure 7.1, The vnit consists of a sludge balancing
sump, 3 feed tank, a filtrate collection tray, a pressure pump {(helical rotor pump).
a tube flushing or cleaning pump {¢entrifugal), the Filter tube zrray and cleaning
rollers and carriage.

The tube array af the dewatering unit is made up of filier tube curtains. Each tube
curtain consists of a nomber of lilter tubas manifolded, in parallel, betwaen an inlet
and 4 reject manifold. The tubes are {lexible and arg constructed from woven
polyester fabric. The selection of the number of curtains and their length for a
particuiar application is dependent wpon the slurry characteristics and the quantity
of tha sludge to be treated. Each tube curtain is fitted with its own set of cleaning
tallers.

The sludge pumgp supplies sludge on demand (rom the balancing sump to the Feed
tank. The sludge is pumped into the tube array by the pressure pump. When the
cake discharge valve is clagsed the pressure increases in the tube array and the liquid
portion of the slurry permeates through the woven tube wall. The slurry solids are
simultaneously deposited as a cake on the inner wall of the tube {Figure 7.2) and as
the thickneass of che cake increnses tha filtrate flow rate decreases. The cake thickness
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can be monitored through the Filtration rate. The cake thickness is limited to a
maximum of about 15 % of the tube diameter (i.e. 2 to 4 msn for & 2% mm diameter
tube).

Cleaning carriage
Inlat with rollers

£ Reject
manifold manifold
L r_l__‘ Filter tubes _‘_
) 6
1 Sludge from walsr
2 tregtment plant
3
Ferfarated
dewatering
Conveyar
20 T— i
N - Sludge sump
T'\ Filtrate tray 7/
Coke
discharge ——#X .4-"9
. vizlve -~
Filtrate to ,/,/"
head of - ——— o
wiorks //"‘,/ et .

Cake storoga

Flush pump - - hopper
¥ z;ed tank

]

Pressure pump Feed sIWJ

to ptant Sludge
pump

FIGURE 7.1 : PROTOTYPE SCHEMATIC OF THE TUBULAR FILTER PRESS

Whan it is estimated that the desired cake thickness has been achiaved, the cake
discharge valve is opened, the flushing pump started and the cake dislodged from
the innar tube surface by the action of the rollers moving along the tube surface
(Figure 7.3). The rollers create a restriction in the tubes; the high flow velocity,
reduced pressure and turbulence createsd at the point of restriction i sufficient in
dislodging the cake from the tube surface. The cake is simultansouvsly hydreolically
conveyed out of the tubes and is separated from the bulk fluid on a periorated
canveyor belt. A high pressure water spray system is used io clean the [ilter curtain
periodically.
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FIGURE 7.2 : DEPOSITION OF CAKE LAYER
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FIGURE 7.1 - IMSLODGING OF CAKE LAYER AND ITS SEPARATION FROM THE
BULK FLOW ON A PERFORATED CONVEYOR BELT
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7.3.1

The process operation is cyelic; 2ach eyele consists of a cake daposition stage {typicaily
{asting 10 to 60 min depending on the feed sludge concentretion) and 4 cake removal
gtage (typically 2 to 3 min). Fezd sludge is pumped under level ¢ontrol inic ihe
faed tank, filtrate is returnad under gravity to the head of the works and the cake
i5 deposited in a trailer prior 10 durnping.

The entire process is micro-progesser conirolled and requires 8 minimum of cperator
attention.

DESIGN OF A TUBULAR FILTER PRESS

sign ions for Ca on

{i} Definitionr and Estimation of Specific Cake Resisionce

From the Carman-Kcozeny sauation for flew through packed beds zn
gxpression For the Clow rate of fileeate through a filter cake may be

determined :-
oS e va) (1)
where ¢ = filuration time, s.

v = filtrate volume, m*.

w = [ilmate viscosity, Pas.

a = spacific cake resistance, m/kg.

w = feed slurry suspended solids concentration, kg/m3

A filter area, m?.

£ = fiitration pressure, Fa.

e = equivalent filtrate volume, m?

{(i.e. the volume of filtrate that will deposit a cake of
tha same resistance as the filter clath).

Assuming that the cloth resistance is very much lower than the cake resistance,
Ve may be ignored. Equation (1} then reduces to -

j—; - %, (2)
The specific cake resistance may be datermined from the slope of a plot of
;—’“‘;against V using the results from a constant pressure {iltration experiment,
The affect of pressure on specific cake resistance is givan by equation {3) :-
a=o P* £33

where a, specifie cake resistance at vwnit pressure,

=

compressibility coefficient.
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Estimation of Filtration Time

The time to filtar any velume ¥ may be detarmined by integrating equation
{2) to give :-

_ Ko oo

I_é';iz_P.V (43

Estimation of Cake Deposition Time

If =-

M, = Mass of dry filter cake solids deposited per unit filtration
area, kg/m2.

I, = Time to deposit a3 mass, M, , of filter cake, 5.

and

M= )

Then after substituting equation (3) in equation {4) :-

e M
CREY1n (63
From equation (8) tha time to deposit any cake mass, M., from a feed slurry
with solids concentration, o, may be datermined.

Estimation of Cake Production Rate

As a result of the cake ramoval and recovery process a fraction of the cake
Inyer s reslurried. The fraction reslurried is dependeat on the degree of
cohesion of the ¢ake solids and the degraa of agitation in the recovery process.

If ;-
M, a  Mass of dry filter cake solids recovered per unit filtration
area, ks/m.

4 = Fraction of the cake layer racovered from the tubes.

Then

R= M, 7
M, {7)

The steady-state concentration of solids fed to the filter is grearer than the
concentration of sclids in the feed to the plant as a result of the partial
re-slurrying of the cake. Assuming the volume of Filtrate in the cake is
negligible the steady-state solids concentration of the feed tank increases
such that ;-
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o (8)

where w, = solids concentration in the fead ta the plant, kg/m3.
The cake production rate, J,, may now be determined :-

_M,.R+3600

o TR (?)

where J, = mass dry solids produced per unit filtration area and per unit
time, kp/m2h.

t. = time to clean tubas, .
The liquid creatmant rate may similarly be determined -

My 3.6%10%

wlic+iy) ae

where J = average [ilirate Mux, &/m2h.
Process Cpiimisation

Tha cake production rate {(/,) may be optimized with respect to the cake

mass deposited by differentiating equation (9) with respact te ¢, . The mass
deposited (M) in equation {9) is written in terms of t, using equation (6).
At the maximum c¢ake production rate :-

dlJ,
iy 0

At this point for constant specific cake rasistance, viscosity, concentratian
and pressure it may be shown that :-

ty=1, (L1)

The maximuem thegretical prodvction rate may therefore be estimated from
aquation () for any given values of P.w.a. |1, R and £, by adiusting M, uniil
equation {11) is sacisfied.

The effect of A, on ., is plotted in Figure 7.4 showing the maximum
oocurs when equation {11} is satisfied. '

Note:

1. It has been found that the value of R js fixed for any given cake type

and operating pressure provided the cake thickness ig in excess of
approximately 1 mm.
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2.  The maximum value of M, is limited to a cake mass which will not
block the filter tube. The maximum value is a Function of the wet
cake solids density and the tube diameter and can bg increased by
increasing the tube diametar.

3. The minimum valua of M, is governed by the degree of cohesion of
the caka, An exgessively thin cake layar (less than 1 mm) will result
in a high degres of cake re-slurrying and a low cake recovery (R).

4, The value of ¢, iz timed by the maximvm rate 2t which solids can be
conveyed out of the tubes without causing a blockagas.

o 15 Lime Sludge 500
= P = 600 kPa
£ w, =150 kg/m®
S sl =150 L 400 =
£ gipha = 2.1 x 10"% m/kg -
- R =085 =
3 3
L : L =
-5 15 3':“:' =
u g
£ =
= e e il
2 o4 e T - 200 &
3 3
o . E
£ 14 . 5
=] - - 100
U
-
&
103 0
0.6 0.5 1 1.2 1.4 1.6 1.8 2 2.2
Dry Solids Deposited (M} {kg/m")
FIGURE 7.4 : DETERMINATION OF THE OFTIMUM CAKE MASY

{vi)

Estimation of Power Reguirements for Cake Formation

The pawer required to form a cake is dependent on the Filtration pressure,
the feed soiids concentration and the pump efficiency and may be shown to

be az follows :-

£
Powar for cake formation = w..36m,5fﬁcinncyk”h flon

{12)
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7.3.2 Design_Equation fgr &

(i)

Pressure Velocity Relationship

The cake is removed from the surface of the filter tubes, in the low pressure
area between the rallers, by the shearing action of the slurry as it passes
through tha roller gap. ‘The actual velocity and pressure required to dislodge
the ceka is dependant on the degree of adhesion of the cake to the cloth and
must ba datarmined experimentally. The prassure and velocity relationghip
at she roller throat may be derived using Bernoulli's equation adapted for
the tubular filter press process.

pui puf
Pi'Pz'i'?z"T (13}
Po= P+ 2f (L-x}u, (14)
Q;-J,.n.x) 4
- . 15
e (a.a.m* n.d? (1%

where F, = system back pressure, Pa,

P, = pressure at roller throat, Pa.

F,; = pressure upstream of rollers, Pa.
ug = velocity at tube outlet, m/s.

u, = velocity at roller throat, m/s.

u, = velocity upstream of rollers, m/s.
p = slurry density, kg/m3.

L = total tube length, m.

x = cleaned tube length, m.

fq = [riction factor downstream of rollers.
J. = flux on cleaned tube, £/msh,

Q. = flow rate into tube, m3/s,

d = tube diameter, mm.

Equations (}3), (J4} and (15) may be used to determine the pressure profile
at the roller gap as the rollers pass down the length of the tubes for a given
roller gap setting, Fluid Flow, fluid viscosity and system back pressure. An
example of this pressure profile is given in Table 7.1 for the Tollowing
coaditian ;-

Roller gap ' = Z,5mnm,
Tube diameter = 25 mm.
Velacity of tube inlat = 1,8 m/s.
Filtcate flux on clean tube a 200 {/m3h.
Slurry viscosity = 0,003 Pas.
Cake thickness = 3 mm.

Outlet pressure = 10 kPa.
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(i) Estimation of Power Required for Cake Removal

The power required to remove a cake is dependent on :-

a} the carriage speed,
b} the tube inlet pressure,

¢} fluid flow rate,

d} pump efficiency

and may be shown to be as Fellows -

Fower for coke removal =

where Q. =
F.o=

U -

2. P 1000

kW hiion

v . M..Efficlency

cleaning pump pressuse, Pa,
cartiage speed, m/h.

fiow rate per tube during cleaning, m?/s.
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(16)

TABLE 7.1

THE ESTIMATED PRESSLURE AT THE ROLLER THROAT AT YARIDUS
POSITIONS DOWN THE TUBE LENGTH

Distance along wbe

Yalocicy in throat

Presgure pauge in throat

m m/s kPa

| 12,73 10,5
2 12,66 1.7
3 12,59 -6.9
4 12,52 =154
5 12,45 =238
] 12,38 -31.,6
7 12,31 -39.5
8 12,24 -47,2
9 12,17 -34,7
i 12,10 -62,0

Linit Sizing and Process Optimisation

For each set of operating conditions there will be & maximum value of cake mass,
M4 , deiermined from equations (11} and (6). The allowable minimum and maximum
values of M, must be determined expecimentally for 2 given sludge. As a guideline,
based on the experimental data, Table 7.2 gives the minimum and maximom values
of M, for various types of sludge for 25 mm diameter tube {estimated daa for 40

mm tubes is also included).
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TABLE 7.2
MINIMUM AND MAXIMUM YALUES OF CAKE MASS DEPOSITED FOR VARIOUS

TYPES OF SLUDGE AND TWO TUBE DIAMETERS

Sludge type

Tube diameter
23 mm

Tube diarmeter
40 mm

M, min

M, max

Md Toin

M, max

Water works
Alum and ferri¢ sludges
Low arganic watars

0,50

1,00

0,50

2,00

Waler works
Alum and ferric sludges
High organic and colourad watets

0,25

0,50

0,25

1,00

Water works and industrial
Lime sludges

1,00

2,00

1,00

4100

Minerzl processing
Scrubber sludges

1,00

2,00

1,00

4,00

Mining aperation sludges

1,235

2,50

1,25

5.00

74

The effect of each of the operating variables {pressure, feed concentration, specific
cake resistance and cake recovery) on the filter cake production rate is presented in
Figures 7.5 t6 7.8. The individual production rates have been maximised with
respect to cake mass using equations {§1}, {6) and {9), subjact to the constraint thag
the cake mass has been kept between the limits given in Table 7.2

These figvres show that the production rate is most significantly effacted by the
feed concentration and the specific cake resistance, Pressure (for a compressible
cake), cake mass and cake recovery (within normal limits) do not have a significant

effect on process perflormance and can be selected to suit the most economic selection
of equipmant.

A IL S

Operating instructions For a $emi-technical pilot plant are given in Appendix 7.3 and
7.4. Laboratery studies have been undertaken on a variety of municipal and industrial
sludges (Apperdices 5.1, 5.2, 5.3 and 5.6). The results of tha test wark and the
orocess design constants Far each sludge are presented in Table 7.3,
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TABLE 73

TUBULAR FILTER PRESS LABORATORY TEST RESULTS AND PROCESS DESIGN PARAMETERS FOR MUNICIPAL AND INDUSTRIAL SLUDGES
e =3 A IR EREREFR R

mesisi oOnC CORC. rECOVEr deposii fime e A

a e, % R M, Mu e ta " J

mAg kgfm? | (mim) - wgmz | wpm? | wg/md min | kg/w?h | #/mZa
Teon scnubbeer Lo o 193 111 15 5 0,20 032 200 B 04 75 122
Quarry Cuaniz 12xm1 F. % 0.10 0,40 4,00 200 20 541 T
Mimieral prowess [randmm reeovery 1,5 x 1012 A0 o] 0,50 030 133 7 03 a0 '
Serubber Gald peocess 1,7x 1012 pa ) 60 0,90 1,80 200 m 0.5 34560 171
Minc Undergrowd 21 x o 49 0,60 14 233 167 14 21718 214
Serubber Titanium process 23 21012 190 5% 095 1,60 148 200 07 0,19 15
Minc Usdergrowad 30 x 12 (] 45 0.60 L% 253 157 10 18,51 185
Mineral process Gald recovery 18 x 013 2 19 0.65 850 077 £ 70 315 157
Fower siation Lime 19y i3 42 42 0,80 1,30 158 53 o 110 H
Warler works Lime 21 =03 90 40 085 150 1% 0% 128 43 &
Water works Poly-alu cliloride 24x b3 R» 2 0,68 (1% 1,10 . %0 11 H
Warler works Poly-chectolylc 30 x w3 15 k" 0,75 0,65 087 20 35 150 100
Waler works Poly-eeciralyie 4.1 k3 0 M 0,70 0,70 1,00 I 200 1LEG 47

benlonite
Water works Ferrie hydroxide a5 x pol3 k] » 077 [1x] 0,95 » an 1.82 i
Warer warks Alum 401012 42 k1 023 0,60 0,72 51 105 3 66
Waier works Ferric hydroxdde nlpac 54 k1012 5 17 0,67 0,32 048 g 2o 1,56 103
Waler works Mum colawred water BD x 1012 kL 0 087 0,35 04D 40 T FAN| i
Waler works Alim coloured waler 1,6x10M 14 12 0,50 0,30 0,33 17 7 0. S0
Watcr warks Alum colowred smtcr 1,7 x10M & 12 092 0,22 0,24 7 30,2 040 7
Gpr.mlir% pressure ; 400 L Pa for all wests ; Cleaning Lime 1 25 min [or all lests




7.5

Tiﬁ

146

Two of the ninetesn sludges tested (the quarry sludge and the iron reduction scrubber
sludge) produced cakes with a low cohesive sirength, resulting in a low cake recovery
and a correspondingly high degree of ¢concentration in the feed tank.

The remaining sludges producad 3 cohesive cake at a solids concentration comparable
with other sludge dewatering processes. The produetion rates given in Table 7.3
were determined in the laboratory for 2 particular set of operating conditions and
are not necessarily the optimurm.

CONCLUSIONS

The wide range of laboratory test work uwndertaken indicates thay the tubular Tilter
press process has wide application in the water treatment and general process industry.
The theory of the process has been daveloped to the extent that a full scale vnit may
ba sized and cptimised from a simple set of laboratory sxperiments.

The specific cake resistance of the sludges investigated ranged (rom 4,9 x 141 m/kg
to 1,6 x 10 m/kg. The cake solids concentration ranged from 12 % to 75 %. The
highest specific ¢ake resistance sludges produoced the lowesi solids content cakes,
The cake production rates (dry solids basis) varied from 0,56 kg/m2h for a very
dilute alga! water dosed with ferric hydeoxide to 34,6 kg/m?h for scrubber sludge
from a gald recovery procass,

A lime sludge resulting from the wreatment of raw water was used as an example io
illustrate the effect of changes in the operating conditions of the tubular filter press.
The operating pressure was seen to have a small effect o Filter cake production rate.
Increases in the fead solids concentration has aimost a linear effect on the filter cake
production rate. The specific cake resistance has a strong inverse effect on the
filter cake production rate. Reducing the fraction of cake recovered has the abvious
effect of reducing the Filter cake production rate.

NOMENCLATURE

d = Tuba diamater, mm.

Fa = Friction factor downstream of rollers.

J. =  Flux on cleaned tube, &/m?h.

L = Total tube length, m.

My = Mass of dry filter cake solids deposited per unit filtration area, kg/m?,
M, = Mass of dry filter cake solids recoverad per nnit filtration area, kg/m2,
P = Pressure of filtration, Pa,

FPa = System back pressure, Fa.

P, = Pressure at roller throat, Pa.

Fs = Pressure upstream of vollers, Pa.

Fal = Cleaning pump pressurs, Fa.

3. = Flow rate into tabe, m¥/s,



=

T F R R

Fraction of the cake layer recovered from the tvbes.

Compressibility coefficient.

Filiration time, s.

Time to clean tubes, s.

Time 10 deposit a mass, M., of filtar cake, 3.
Velocity at tube outiet, m/s,

Velocity at roller throat, m/s,

Velocity upstream of rollers, m/s,

Carriage speed, m/h.

Filtrate wolume, m3.

Eduivalent filtrate volume, m3

{i.e. volums of filtrate which wil] deposit 2 cake with the same

tezistance as the filter cloth).

Feed slurry solids concentration to filter tubes, kg/m?2.

Solids concentration in the feed w the plant, kg/m3,
Cleaned whbe fength.

Specific cake resistance, m/kg.

Specilic cake resistance at unit pressure, m/Kg.
Filteate viscosity, Pa.s.

Slurry density, kg/m3.
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§ LIST OF PUBLICATIONS

During the course of these two projects 3 total number of 9 publications and 13 conference
proceedings have arisen. A patent 87/05353 has been issued gnd is lodged with the Water
Research Commissian.

8.1 PUBLICATIONS

GROVES, G.R. BUCKLEY, C.A., SIMPSON, M.P., BINDOFF, AL,
TREFFRY-GOATLEY, K., ORBIN, A., NEYTZELL-DE WILDE, F.G. and
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