Chapter 2

Experinmental Instrunents and Testing Procedures

2.1 Test Apparatus and Instrunments

The descriptions for the major test apparatus and anal yti cal
instrunments used for the investigation, including the neasured
paraneters, range, nodel nunber, and manufacturer, are listed in
Table 2-1 and briefly described as foll ows:

. Particle size analyzer |, designated as PSA-1, is a large
scale particle size analyzer with a neasurenent range from

0.1 to 2000 um Figure 2-1 is a photograph of the PSA-I

I nstrument.

. Particle size analyzer 11, designated as PSA-1l, is a
smal | scale particle size analyzer with a nmeasurenent
range from0.002 to 5 pum PSA-I1 is equipped with

di sposabl e sanple cells that elimnates the cross sanple
residue influence. Figure 2-2 is a photograph of PSA-I
i nstrunent.

. Zeta potential meter. The zeta potential neter and PSA-I
are integrated in one unit. The measurenent range of the
zeta potential meter is from0.1 to 200 nV with the particle
size range fromO0.002 to 30 ym The resolution is sanple
dependent and in the range of 0.1%to 5%

. Jar test apparatus: A Phipps and Bird (Mdel PB-700™ as
shown in Figures 2-3 and 2-4) was used. D nensions of each
jar are 11.5 X 11.5 X 21 cmdepth which is capable for
testing a volunme of 2,000 mM water sanple. Each jar is
equipted with a flat stirring paddle (7.6 X 2.5 cmor 19.3
cnf). For MC jar test, the area of the paddl e was increased
to 38.7 cnf for MCjar test in order to generate nore
rigorous turbul ence for keeping mcro-sand in suspension.

. Turbidity neter.

. pH neter.

. Bal ance.



Table 2-1. Specifications of Major Instrunents
Appar at us/ | Measur enent | Measur enment
| nst runment Par anet er Range Model No. Manuf act ur er
Mal vern
Particle 0.102000 pm| Master- I nstrunents Inc.
PSA. | si ze Si zer X | Sout hborough, MA
PSA- | | Particle 0.00205 pm
sl ze 90 Pl us Br ookhaven
conbi ned I nstrument s
Zet a p ”
pot enti al Zeta 0.10200 nmV .
met er potenti al with Cor por at i on
ZetaPlus | poltsville, NY
pH et er pH 10 14
O 1. Analytical
Toc TOC 4010000 ppb | 700 TQC |~ ege Styati on
Anal yzer ’
X
PB- 700™ Phi pps & Bird
Stirrer Jar Test 00300 rpm Jar Ri chnmond, VA
tester
" HF Scientific
Turbi dity Turbidity 0011000 NTU | pRT-15CE | Inc. Fort Myers
nmet er FL
Denver
Bal ance Wi ght 001210 grams | xs.210 | nstrunent Co.
Arvada, CO




Figure 2-1. Particle size anal yzer
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Figure 2-2. Particle size analyzer Il with zeta potential neter
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Figure 2-3. Six stirrer jar apparatus
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2.2 Testing Procedures

Wth the exception of zeta potential neasurenent, all paraneter
measur enent procedures were based on USEPA procedures or Standard

Met hods. The neasurenent procedures are summarized in Table 2-2.
Tabl e 2-2. Paraneter Measurenent Procedures
Par aneter | Sanpl e Type Nﬁ&?Od Method Title Ref erence
Particle St or mnat er Particle count St andard
Si ze M crocarrier 2560 _and si ze 1
di stribution Met hods”
Zeta Appendi x | Zeta potenti al
Potent | al St or mnat er B neasur enent Manuf act ur er
NS st Coagul at i d AEEP
i ght ed or maat er -1 agul ation an EP
Jar Test M crocarrier fl occul ation (rmodi fi ed)
pH St or nwat er 150. 1 pH EPA®
' (el ectronetric)
Vol atil e Resi due, (3)
Sol i ds St or mnat er 160. 4 Vol atil e EPA
. Turbidity (3)
Turbidity St or mnat er 180. 1 (Nephel onet i ¢) EPA
Suspended Resi due, Non- (3)
Sol i ds St or mnat er 160. 2 filterabl e EPA
Tot al : (3)
Sol i ds St or mnat er 160. 3 Resi due, Tot al EPA

“Wstandard Methods, 18th edition suppl enent (1995). ®Envi ronnent al

Engi neering Unit Operations and Unit Processes Laboratory Manual, Association
of Environmental Engineering Professors (1971). “*Met hods for Cheni cal

Anal ysi s of Water and Wastes, EPA-600/4-79-020 (1983).
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Figure 2-4. Square jars
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MC Wei ghted Jar Test

The jar test has been used as a nethod for evaluation of the

ef fectiveness of coagul ants and coagul ant aids for renoval of
solids in water treatnent for many decades. Detailed jar test
procedure can be found in numerous publications (Cohen, 1957;

Bl ack et al., 1957, 1969; Canp, 1968; AEEP, 1971; ASTM 1996).
However, the MC weighted jar test is a new application due to the
di fferent physical characteristics of the m xture.

In the MC weighted jar tests, water sanples of equal vol une
(1,000 M) were poured into a series of six 2-litter square
beakers on a multiple stirring nmachi ne equi pped with a vari able
speed drive. After precal cul ated dosages of the mcrocarrier,
coagul ant, and coagulant aid (i.e., flocculant, polyner, or

pol yel ectrol yte) had been added to the beakers, the contents were
rapidly stirred to sinmulate flash m xi ng and then reduci ng
stirred to sinulate flocculation. After a given period of tine,
the stirring was stopped and the floc forned was all owed to
settle.

During the process, illumnation aids were used in watching floc
formati on; however, heating effects fromthe Iight were avoi ded.
The controlling paranmeters are enunerated as foll ows:

The vol une of the sanple.

The size and shape of the container.

Peri pheral speed and tinme of rapid m xing.
Peri pheral speed and tinme of slow m xing.

Type and dosage of mcrocarrier, coagulant and coagul ant
aid (i.e., flocculent, polyner, or polyelectrolyte).

A A

The principal procedures include the follow ng steps:

1. Collect stormsurface runoff sanple, prepare synthetic
sanpl e (see Section 3.1), or CSO sanple. Measure the
sanple for pH value and turbidity reading.

2. Pour 1,000 M of the water sanple into each two-liter jar
on the jar-test apparatus and check stirrer operation. A
light table facilitates viewing of the contents of the
beakers.

3. Add controlled amounts of MC, coagul ant, and fl occul ant
dosage to the designated jars.

4. Flash mxing for 200060 seconds at 1000200 rpm

Slow mi xing for 1000120 seconds at 300060 rpm Record the
el apsed tine before a visible floc is fornmed. |If large
flocs are forned, it nmay be desirable to reduce the paddle
speed. Record the appearance of the floc forned.

6. After flocculation, renove the paddles and settle for 2030
m nut es.
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7. Collect the supernatant fromthe sanpling port on each jar
and nmeasure the turbidity; the settled solids should not
be di sturbed during sanpling. Select and recored the
dosage of coagul ant and fl occul ant based on the
supernatant clarity and settleability of floc.

Particle Size Determnation
Principle

Both particle size analyzers (PSA-1 and PSA-11) used in this
study are based on light-scattering techni ques using a Helium
Neon | aser as the light source. However, the signal collection

and conversion for the two instrunents are different.

In the PSA-1 system the direct path of the |ight beamthrough
the flowcell is scattered by a particle as it flows through the
measur enent zone with the fluid (see Figure 2-5). Scattered |ight
over a fixed range of angles is collected by a photo-voltaic
cell. Based on the principles of Fraunhofer diffraction,
particle size can be determned fromthe angle (08) and intensity

(I') of scattering as foll ows:
2172 :

109 Jl'(czsme) ; q= 2ma
sn“6

where a is the particle radius; J, is the first order Bessel

function; and A is the wavelength. For nulti-particles, the
resulting responses fromall particles are collected and
mat hematically deconvoluted to generate the size distribution.

In the PSA-11 system the scattered light is collected at a 90
degree angle to the light source (see Figure 2-6). The photon
correl ation spectroscopy of quasi-elastically scattered |ight
techni que, based on correlating the fluctuations about the
average scattered light intensity, is the measurenent nechani sm
The total neasurenent tine is divided into small intervals called
delay tinmes. These intervals are selected to be snmall conpared
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with the tine it takes for a typical fluctuation to relax back to
the average. The scattered light intensity in each of these
intervals, as represented by the nunber of electrical pulses

regi stered during each delay tine, fluctuates about a nean val ue.
The intensity auto-correlation function is formed by averagi ng
the products of the intensities in these small tinme intervals as
a function of the time between the intervals (delay tinmes). As
the delay tinme increases (t), the correlation (c) decreases and
the function approaches the constant background termB. In
between these two limts the function decays exponentially for a
nonodi sperse suspension of rigid, globular particles and is given

by
c(t)=Ae?" +B

where A is an optical constant determ ned by the instrunent
design, and I' is related to the relaxation of the fluctuations

by

r=Dg’
where Dis the transitional diffusion coefficient. The val ue of
gis calculated fromthe scattering angle (8 = 90 degrees), the

wavel ength of the laser light (A=0.635pun), and the index of

refraction (n) of the suspending liquid. The equation relating
t hese paraneters can be expressed as

_2m o
q= p ZSH%Q

For a sphere, there is
KT
3rrnD

where d is the particle dianeter; k is Boltzmann's constant; T is
the tenperature; and n is the viscosity of the liquid in which
the particle is noving. The above equation is based on the
assunption that the particles are noving independently of one
another. In case a particle is not spherical, the d cal cul ated
fromthe above equation is considered as a particle size

i ndi cator.

Measur enent Procedure

The principal steps for particle size distribution measurenent,
in accordance with the Standard Met hods For Exam nation of Water
and Wastewat er (Standard Met hods, 1995), are enunerated as

foll ows:

1. Preparation. The instrunent and any sanple handling unit
shoul d be switched on and any connections between the
optical unit, sanple handling unit and conputer should be
in place. The correct range |lens should be fitted to the
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instrunment and the |lens caps renoved. Any sanple cel
shoul d be correctly fitted and the w ndows shoul d be
clean. In particular, the correct instrunent range shoul d
be sel ect ed.

2. Background measurenent. A background neasurenent is
necessary before any sanpl e nmeasurenent.

3. Blank sanple nmeasurenent. Measure at | east one bl ank
sanpl e of particle-free water.

4. Calibration. Calibrate by determ ning the channel nunber
into which particles of known size are sorted by the
instrument. Use spherical particles manufactured for this
purpose. Use three sizes of calibration particles in
simlar concentrations to calibrate a sensor. Calibrate
under conditions identical with those of the sanple
measurenent, e.g., settings on the instrunment, flow rate,
and type of sanple cell

5. Measurenent of sanples. The |ight scattered by the
particles nmust be neasured for a suitable period to ensure
that all particles are represented in the nmeasurenent and
to average out fluctuations caused by the dispersing
medi um A suitable neasurenent period is 10 to 30 seconds
dependi ng on the size range of the distribution.

6. Data reporting. Particle concentrations should be shown
in both tabular and graphical formats.

In the course of experinments, it was found that the | arge
particles (> 5 pum produced interferences during the nmeasurenent

of small particles (<5 um. Furthernore, the neasurenent of
smal | particles was found to be inconsistent in the presence of

| arge particles, even if a |ow concentration of |large particles
existed. In order to elimnate the interferences froml arge
particles, a special filtration process was necessary before
measuring the small particle size. An attenpt was nade with
different types as well as different pore size filters. It was
concluded that filter paper (regardless of type) was not suitable
for this experinent. Having experinmented with other filtering

processes, a disposable nylon syringe filter wwth 5 um pore size
was found to be suitable for the study.

Zeta Potential Measurenents
Principle

The basic principles of zeta potential neasurenents include three
different aspects. First, the velocity (V) of charged coll oida
particles in liquids between the electrodes is neasured by a

| aser Doppler shift. Second, the el ectrophoretic nmobility (u)

is determ ned based on the neasured velocity and the electric
field strength (E) by the equation V=uE. The zeta potential ()
can be calculated fromthe solution conditions and the nobility
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by the equation {=pun/e where n is the viscosity of the liquid
and € is the dielectric permttivity. However, the equation is
only correct for certain conbination of particle size and ionic
strength. Either nobility or zeta potential nmay be used as
measures of dispersion stability although zeta potential is used
nmore widely. The principles of zeta potential neasurenent are
illustrated in Figure 2-7.

Measur enment Procedure

A detailed testing procedure that is recommended by the
manuf acturer is given in Appendix B. Mjor steps are outlined as
fol | ows:

1. Instrunent preparation.
Backgr ound neasurenent.
Bl ank sanpl e neasurenent.
Cal i brati on.

Sanpl e preparation.

Clean the electrodes and insert the el ectrode assenbly
into the cell

Insert the cell into the cell conpartnent.
Make a neasurenent.

A

© N
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