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D DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. NeitheT the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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EXECUTIVE SUMMAR Y

• This is a quarterly report from Bend Research, Inc., (BRI) to the U.S. Department

of Energy (DOE) fbr work performed under Contract No. DE-AC22-92MT92005, titled

"Development of a Membrane-Based Process for the Treatment of Oily Waste Waters."

This report covers the period from June 5 to September 4, 1993.

• The overall goal of this program is to develop a system based on reverse-osmosis

(RO) membranes that can treat oily water economically. This system will be based on the

use of thin-film-composite (TFC) membranes that consist of a selective coating placed on

a solvent-resistant hollow-fiber support. For this program, we plan to develop solvent-

• resistant hollow-fiber supports and coat them with a "loose-RO" coating. We developed

the TTM coatings used in this program in previous work for the treatment of oily waste
waters.

During this reporting period, work was focused on operating the demonstration test

• unit at a test site near Houston, Texas. During the next reporting period, we plan to

continue long-term testing at the demonstration test site. The completion of the

demonstration test, preparation of the final report, and technology transfer are the only

tasks remaining in this program.
Q
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L INTRODUCTION

• This is a quarterly report from Bend Research, Inc., (BRI) to the U.S. Department

of Energy (DOE) for work performed under Contract No. DE-AC22-92MT92005, titled

"Development of a Membrane-Based Process for the Treatment of Oily Waste Waters."

The purpose of this program is to develop a system based on reverse-osmosis (RO)

• membranes that can treat oily water economically. This system will be based on the use

of thin-film-composite (TFC) membranes that consist of a selective coating placed on a

solvent-resistant hollow-fiber support. For this program, we plan to develop solvent-

resistant hollow-fiber supports and coat them with a "loose RO" coating. We developed

• the TTM coatings used in this program in previous work for the treatment of oily waste

waters. This report covers the period from June 5 to September 4, 1993.

During this reporting period, work was focused on performing a demonstration test

of this technology. Long-term tests were performed during this reporting period.
O

II. PROJECT DESCRIPTION

• This program is divided into seven tasks. A summary of the work to be performed

in this program follows.

Task 1: Develop Hollow Fibers

• Hollow-fiber supports will be made from high-strength, solvent-resistant polymers.

These fibers will be physically robust and have 1) high permeability to assure high fluxes,

and 2) smooth lumen (interior) surfaces to assure uniform coating of the hollow-fiber

support with the permselective coating.
O

Task 2: Evaluate Hollow Fibers

The fibers made in Task 1 will be evaluated in a series of tests to ensure they are

suitable for this application. These tests include 1) examining the texture of the lumen

• surface, 2) measuring the permeability of the fibers, 3) measuring the strength of the

fibers, and 4) measuring the solvent resistance of the fibers.

O

O
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Task 3: Make Small-Scale Modules

Small-scale hollow-fiber modules will be made using the fibers, and the lumens of

• the fibers will be coated with our loose-RO TTM coatings. The modules will be

evaluated in standard tests to ensure the integrity of the coating.

Task 4: Test SmalI-Scale Modules

• The small-scale modules made in Task 3 will be tested in the laboratory under

controlled conditions. The modules will be evaluated on feed streams of oily waste

waters obtained from various sources. Parametric and long-term tests will be conducted.

• Task 5: Construct Lar_e-Scale Modulesv

Large-scale modules will be constructed using standardmodule-preparation
procedures developed at Bend Research. These modules will be constructed for use in a

demonstration unit to be provided by the contractor.
O

Task 6: Overate Demonstration Unit

The effectiveness of this technology will be demonstrated by operating the large-

scale modules on actual oily waste waters. Field-test sites will be identified and prepared

• for the demonstration of this technology. A test plan will be developed before the

demonstration is performed.

Task 7: Technology Transfer

• Journal articles and conference and symposia presentations will be prepared. This

technology will be transferred to the oil and gas industry and the scientific community.

• III. PROJECT STATUS

During the previous reporting period, our commercialization partner, AquaAir

Environmental, Inc., (Bend, Oregon) transported the demonstration unit to Friendswood,

• Texas, the site of the demonstration test. Figure 1 shows a simplified schematic of the

demonstration unit. We also initiated parametric tests. During this reporting period, we

completed our parametric tests and initiated long-term tests at the demonstration test site.
These results are described below.

O
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Figure 1. Simplified Schematic of the Demonstration Unit

• During this reporting period, we continued our evaluation of TTM-60 and TTM-20

modules in parametric tests. Figures 2 and 3 show the results of these tests. The feed

stream contained approximately 1000 ppm oil and grease and approximately 10,000 ppm

salts. The permeate from each module contained less than 7 ppm oil and grease--a

• rejection of oil and grease of 99.3%. The permeate was of sufficient quality to meet all

known discharge regulations in the Gulf Coast area.

Figure 2 shows the water permeability of the membrane plotted versus

transmembrane pressure. As these data show, the water permeability was not affected by

• transmembrane pressure during these tests. This was as expected based on our previous

studies with the TTM-60 and TTM-20 membranes. These data indicated that, when

operated on an oily water feed, the performance of the membranes should be similar to

that of modules in our laboratory "control" tests on oily water feeds.

I Figure 3 shows the water permeability of the membranes plotted versus time. These

data were from the start of our long-term test with the demonstration unit. As the data

show, the flux of the TTM-20 module declined slightly--likely due to a build-up of a

layer of oil on the surface of the membrane. This was expected, and we anticipate that

• the flux will stabilize at a water permeability of approximately 0.4 gal/ft2-day- 100 psi.

These tests will be continued during the next reporting period.
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Figure 2. Water Permeability Versus Transmembrane Pressure for TTM-20 and
TTM-60 Hollow-Fiber Modules

• Conditions: Feed: ---10,000ppm salts (mostly Ca +2)
--.1,000ppm oil and grease

Permeate: <7 ppm oil and grease

O

1.0
IN
O

i

08

TTM-20
• Water 0.6 ._

Permeability

ft ga' i) 04=-day-100 ps TTM-60
Q, 0.2 _ e

0.0 , i i I t

0 1 2 3 4 5

Time (hr)
O

Figure 3. Water Permeability Versus Time for TTM-20 and TTM-60 Hollow-Fiber
Modules

Conditions: Feed: ---10,000ppm salts (mostly Ca +2)
~ 1,000 ppm oil and grease

D Permeate: <7 ppm oil and grease
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IV. PLANNED ACTIVITIES

• During the next reporting period, we plan to continue long-term testing using the

demonstration test unit. The demonstration test, preparation of the final report, and

technology transfer are the only tasks remaining in this program.

O

V. SUMMAR Y

During this reporting period, we completed parametric tests on the demonstration

• unit at a test site near Houston, Texas. Additionally, long-term tests were initiated.

Ret_ort Distribution List
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