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Membrane Autopsy: Intro

Membrane autopsy can be used as a routine operating tool for
membrane plant operators to help assess the performance of their
membranes. The objective of a membrane autopsy is to identify if
there is any damage at the surface of the membrane, to identify
foreign compounds on the membrane surface, and to assess how
these compounds affect the membrane operation. The autopsy
results can be used to make an informed decision about how best

to:

— 1. Rehabilitate membranes

— 2. Improve pre-treatment

— 3. Optimize anti-scale or biocide chemistry

— 4. Improve the cleaning regimes used by the plant
— 5. Adjust plant operating conditions



Diagnosing Performance

* Membrane processes all experience
performance degradation throughout the life

of the membranes. Operating parameters
provide an indication of membrane damage,

scale or fouling which is causing the
performance degradation.



Operating Parameters

Operating parameters which may change in a
problematic RO system include:

— feed pressure,

— normalized pressure drops,

— normalized permeate flows and
— permeate quality.



Mechanisms of Loss of Performance

There are many mechanisms which cause
declined membrane performance including:

* membrane surface and structural damage,
* ineffective pre-treatment,

* changes in feed water quality,

* inadequate plant design or

* unsuitable cleaning of the membrane surface.



Reasons to perform an autopsy

e Membrane autopsy is used to determine the
specific mechanism that is causing the change
in membrane performance so that changes can
be made to the process.



How Is an RO Autopsy Performed?




How Is an RO Autopsy Performed?




RO System Abuse

Some kind of
Oil has fouled
This RO

membrane



Permeate Backpressure Damage

Ballooning a symptom of damage from
excessive permeate backpressure. When a
permeate valve is closed during operation or
cleaning, the permeate pressure can build up
until it equals the feed pressure. The tail #
element, on the other hand, has a lower
pressure on the feed side because of pressure
losses (AP). As a result, the permeate pressure
can exceed the pressure on the feed side,
resulting in “ballooning” of the membrane leaf,
and causing delamination of the thin film polyamide layer from its polysulfone substrate.
Damage from permeate backpressure can also occur when a permeate check valve fails in an
idle train, and permeate flows back in the reverse direction either because of head pressure
from a high storage tank, or from back pressure applied by the permeate streams of other
running trains. When the membrane leaves were spread open for inspection of the
membrane spacers (Tricot), every permeate spacer in the element was found to have a large,
localized stain. This indicated that the membrane had delaminated and lost its ability to reject
organics (see Fig. 2).




Autopsy Tests Performed

Open and Examine

A bubble test is performed in order to determine the mechanical integrity of
the membrane. While the membrane is completely submerged in water, 3-
S5psi of air pressure is introduced into the permeate tube. The element is then
monitored for escaping air bubbles which would indicate mechanical damage
to the membrane.

LOI: Loss of Ignition — ID’s organic vs inorganic fouling
ICP-AES: elemental analysis — Offered by SOCOTEC labs
TOC = Total Organic Carbon in the sample

Tensile Testing - for membranes’ physical properties. If membrane failure has
occurred tensile testing can be used to assess the physical property of the
membrane material. Chemical damage can change the strength of hollow fiber
membrane material causing them to break. Also, precipitation of compounds in
membrane fibers can cause the membrane properties to change. Tensile testing is
used to assess these changes.



Tests Performed

Microbiology:

A biological activity reaction test, or BART, is an effective method for monitoring
the population size and activity of specific groups of bacteria. A BART test usually
takes 2 to 8 days of incubation at room temperature. The BART bio-detector takes
advantage of microorganisms individual interests to reveal their identity and
population. Different microorganisms like to grow at different heights in a column
of water to which nutrients are added. Aerobic organisms grow around the ball
and anaerobic organisms will grow deep down in the water column. Results are
determined by noting the rate of change of color of the test as microorganisms at
the bottom of the water column consume the nutrients. Different organisms are
encouraged to grow with different nutrients on the bottom of the tube.

Iron related bacteria (IRB), slime forming bacteria, sulfate reducing bacteria (SRB),
heterotrophic aerobic bacteria (HAB), and denitrifying bacteria tests are
performed. When the BART tests are performed on biofilm rather than water
samples, the population counts are only used comparatively to determine the
most dominant types of bacteria.



Tests Performed

FEEM - fluorecense excitation emission matrix. Analysis of certain
types of organic compounds such as humics and fulvics

DYE TEST: This is performed to expose and highlight damaged
membrane surfaces. A Rhodamine dye solution is applied under
pressure to the feed side of the membrane sheet. If the membrane
is damaged, the dye color will penetrate to the permeate side of
the membrane. The pattern of dye penetration can be used to
determine whether the nature of the membrane damage is
chemical or mechanical.

FTIR: can ID specific organic functional groups and detect
membrane degradation



Tests Performed

* Stereo Microscopy
* SEM-EDS
* Fujiwara

A Fujiwara test can be performed to determine if the membrane has been oxidized.
A dye test requires dropping a small quantity of a dye solution on the membrane
surface. The dye will adhere readily to support material that has been oxidized, due
to damage in the membrane barrier layer. These damaged areas will appear as
bright pink spots. The dye will not adhere to undamaged membrane.

A Fujiwara test involves a test solution of pyridine and sodium hydroxide in which
small coupons of membrane are put in the solution and heated. A positive response
is indicated by a red or pink color in the pyridine layer, indicating that the membrane
has been oxidized by chlorine or halogens.



Tests Performed

NMR
LC-OCD

CHROMATIC ELEMENTAL IMAGING: CEI offers not only vivid, three
dimensional color images that identify the specific elemental
foulant constituents and concentrations but also their spatial
locations on a membrane surface. A.k.a. Superimposed Elemental
Imaging

AFM (atomic force microscopy)

Scanning Electron Microscopy (SEM) analysis is used to determine
the topography and morphology of a sample. The SEM shows very
detailed 3-dimensional images at much higher magnification than
an optical microscope.



Summary of Analytical Methods

Analytical Methods
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What Does FEEM Tell Us?
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Figure 4. The 3D FEEM of the desorbed foulants from the RO membranes used for UPW production:
(a) RO-DJ, (b) RO-A, () RO-B, and (d) RO-S.



Specific Examples of Problems Solved by
RO Autopsy

Is the foulant organic or inorganic?

Has the pretreatment failed? For example
Chlorine damage to membrane, leakage of
PAC, Carryover of coagulant, Hydraulic shock.

Has the wrong anti-scalant been dosed?
s the rejection rate too high or too low?

s the wrong cleaning
regime/sequence/chemicals being used?



Statistics

Fig 2 Common reasons for membrane failure

Principle Issues Number

Reasons for membrane Biofouling Biofouling 27
Clay 10

Clay Iron oxide 6

11,11% 10, 10% 3, 3% _ Manganese oxide 4
M Iron oxide Aluminium 2

27, 28% Metal oxides 12

u M?nganese Calcium carbonate 4

oxide Calcium sulphate 1

Aluminium Silica 3

) Scales 8

Calcium Oxidation 18

3 3% carb_onate Abrasion 11
13701 4, 4% M Calcium Clean 10
1% sulphate Undefined 3
2,2% 10, 10% TOTAL 99

Table 1 Autopsy findings




Micrsoscopy Images
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Fig 6 Spacer indentation Fig 7 Sand particle abrasion Fig 8 Scale indentation
Figure 8 shows the indentations into the membrane surface left behind when calcium carbonate scale has
been removed by an acidic clean. This demonstrates that even when cleaned successfully membranes

may not work to their original design specification due to physical damage.
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Who Can Perform RO Autopsies?

Genesys RO — Cheshire. | believe we buy
chemicals from them

Water Treatment Products - Wales

Avista technologies - Livingston near
Edinburgh

Suez
Veolia as part of Hydrex product line



Cost

* Depending on how detailed the analysis is:

* 1000£ for a basic autopsy
e 2000£ for a complete analysis and testing
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