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Contents:

1) Letter from D. Smith to J. Al-Atrash, dated October 28, 1994 (two pages).
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Nonionic Surfactants Report: Part 2. In Vivo Test Results

Appendix 7
SensaDyne Instrument Division:
Dynamic Surface Tension Methods and Data

Contents:

1) Report: “Physical & Chemical Properties of Nonionic Surfactants, Surface Tension
Study” - HWI# 6310-105.

2) Fax from T.C. Christensen to J. Al-Atrash, dated March 2, 1995 (three pages).

3) Fax from T.C. Christensen to J. Al-Atrash, dated March 21, 1995 (15 pages).

4) Fax from T.C. Christensen to J.E. Heinze, dated March 11, 1996 (one page).

5) Product brochure: “Surface Tensiomters” (eight pages).

6) Product brochure: “PC9000" (one page).

7) Presentation: S.M. Hosseini, “Dynamic Surface Property Measurement of Aqueous
Surfactant Solutions,” American Chemical Society, Northeast Regional Meeting, June
1992 (22 pages).

8) Presentation: V.P. Janule, “Three Dimensional Characterization of Active

Surfactants,” The Fine Particle Society, 23" Annual Meeting, July 1992 (12 pages).
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Vista Chemical Company 12024 Vista Parke Drive P.O. Box 200135
Austin, Texas 78726-4050 Austin, Texas 78720-0135

(512) 331-2500 Fax (512) 331-2387
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October 28, 1994 VlS-I-/

Dr. Jenan Al-Atrash

The Soaps and Detergent Association
475 Park Avenue South

New York, NY 10016

Dear Dr. Al-Atrash:

I have completed measuring the surface tension of the eleven samples I received from
Hazelton Laboratory. These samples are part of the study of "Primary Eye Irritation of
Nonionic Surfactants in Rabbits (Low Volume Procedure)". The measurements were made
on samples as received unless otherwise indicated. All measurements were at 25 C.

Sample Surface Tension (dynes/cm)
Brij® 35 41.39
Lauramine Oxide pH = 10.5 32.54
Lauramine Oxide pH =7 31.92
Neodol® 23-6.5 27.46
Neodol® 23-3 25.56
ALFONIC® 810-5 26.43
ALFONIC® 1412-7 28.29
Triton® N101 31.33
Tween® 85" 32.81
Cocamide DEA" 26.79
Glucopon 625CS 28.63

() Because of high viscosity, these samples were diluted 1:3 with deionized water prior
to measurement.

The dilution of the last three samples was done by adding 15 ml of as received sample
to 45 ml of DI water. This gave a solution sufficiently fluid to measure the surface
tension. This procedure is valid only if dilution does not change the surface tension
(concentration remains above the cmc). To test the validity of this procedure a further
dilution of 5 ml of DI water was added to each of the last three solutions and the surface



f\v

SUMMARY

SAMPLE PREPARATION

A graduated beaker was carefully filled to the 100ml mark. Surfactant was then added
with a 0-0.5ml (0-500 microliter syringe graduated in 10 microliter graduations) in
increments of 0.4ml ( 400 microliters) and mixed for a minimum of 30 seconds.

TESTING PROCEDURE

After mixing for a minimum of 30 seconds, probes were placed in the sample and a
reading was recorded after the values had stabilized. The sample was then removed and
re-mixed. At this time the test probes were cleaned. After the sample was re-mixed, a
second reading was recorded. This procedure was repeated for each sample in increments
of 0.4ml until the surface tension readings no longer changed (no further lowering of
surface tension was evident.) This criteria accounts for the difference in maximum
surfactant levels used.

CALIBRATION

Each of the 11 samples was tested over 4 bubble rates to generate a dynamic curve. Prior
to each of the 4 testing runs the instrument was set at a predetermined bubble rate
(Bubbles per Second) in water and calibrated. Calibration was done with de-ionized water
and Spectrum Chemical Mfg. Corp. ET107 Ethyl Alcohol, anhydrous, 200 Proof. The
calibration was then rechecked for accuracy prior to each new sample being tested at that

rate. Calibration values can be found in Section 2, Sample Group 1 at the beginning of
each data set.

POSSIBLE ERRORS

For all samples tested our results were repeatable on consecutive tests within 0.10
dynes/cm at the time of testing. Estimated error in adding surfactant is estimated to be
within + 5 microliters. In some of the samples tiny bubbles were evident that undoubtedly
caused measurement error ( ratio of bubbles to liquid is unknown ).

TEMPERATURE ADJUSTMENTS

Temperature is known to effect surface tension inversely. The temperatures of the test
samples varied slightly over the range of the tests. Although this variation is not believed
to have a significant effect on the results of these tests the following correction factor may
be used if necessary. Surface tension will increase 0.15 dynes/cm for every 1.0 °C
decrease in temperature.

MEAN AND STANDARD DEVIATION

Since the repeatability of all tests was within +0.10 dynes/cm. The Mean will equal the
value itself, if no change occurred during the second test.. If a difference was noted, the
mean will equal the first value +0.05 dynes/cm. Based on this, Maximum Standard

Deviation will also be equal to +0.05 dynes/cm. Minimum Standard Deviation is equal to
+0.0 dynes/cm.
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SURFACE AGE

Bubble interval consists of 2 time elements, Surface Age and “Dead Time”. Bubble
Interval is the time between bubbles. Surface Age, however, is only the time between the
beginning of the bubble formation to the maximum bubble pressure point, at which the
bubble releases. The difference between the two is the amount of time it takes to fill the
void created by the departing bubble, before the pressure builds up from the orifice to the
start of new bubble generation. As Bubble Interval decreases this *Dead Time” becomes a
greater percentage of the Bubble Interval.

GENERAL COMMENTS

All tests were repeatable within 0.10 dynes/cm at the time of testing. Resulting dynamic
curve and Critical Micelle Concentration (CMC) graphs appeared accurate within
measurement error. 3-Dimensional Graphs depicting dynamic characteristics were run on
FOXGRAPH., This program provides an axis for bubble rate that is not to scale. Graphs
related to CMC’s were run on PSPLOTa.

REPORT CONTENTS
Each subsequent section of this report contains the following information on a single
sample in the following order:
1. Data Points for:
Surface Tension
Temperature
Bubble Rate (Bubbles per Second - B/S)
Bubble Interval
Surface Age
2. Equilibrium Surface Tension Values and respective Bubble Rates
3. Dynamic Surface Tension Characteristics Graphs -
(Surface Tension vs. Concentration vs. Bubble Rate)
4. Single Line CMC Graph - (Surface Tension vs. Logarithmic
Concentration in Moles per 100m! H2O vs. Bubble rate in Bubbles
per Second.)
5. Multiple Line CMC Graph - Showing the shift in CMC curves as a
result of Dynamic Surface Tension.

®
Foxgraph is a registered trade mark of Fox Software Inc.

PSPLOT is a registered trade mark of Polysoft Lid



SLOWEST RATE - Aproximately .10 bubbles per second

Calibration H20 - 72.7d/cm 21.5*C .10 b/s
Alc. - 22.2 d/cm 22.1*C

SAMPLE GROUP 1: HWI: 6310-105
Test Material: A 12-13 EO 6.5 (Neodol 23-6.5)

Bubble Surface

dcm__ *C b/s Interval Age

Oml TEST A 72.7 21.5 .10 10 9.90
4ml TEST A 355 21.5 33 3.03 2.81
TESTB 35.5 215 33 3.03 2.81

.8mi TEST A 31.0 215 33 3.03 2.81
TESTB 31.0 21.5 33 3.03 2.81

1.2ml TEST A 29.9 21.5 31 3.22 3.02
TESTB 29.8 216 31 3.22 3.02

1.6ml TEST A 292 21.6 33 3.03 2.81
TESTB 292 21.6 33 3.03 2.81

2.0ml TEST A 28.9 21.6 .33 3.03 2.81
TESTB 28.9 21.6 33 3.03 2.81

2.4mi TEST A 28.8 21.7 .30 3.33 3.16
TESTB 288 21.7 31 3.22 3.02

2.8ml TEST A 28.7 21.7 .29 3.45 3.27
TESTB 28.7 21.7 .30 3.33 3.16

3.2ml TEST A 28.6 218 .30 3.33 3.16
TESTB 28.6 218 31 3.22 3.02

3.6ml TEST A 285 219 .30 3.33 3.16
TESTB 28.5 21.9 .29 3.45 3.27

4.0ml TEST A 28.4 219 .29 3.45 3.27
TESTB 284 220 .29 3.45 3.27

4.4ml TEST A 28.4 22.0 .30 3.33 3.16
TEST B 28.4 22.0 .30 3.33 3.16

4.8ml TEST A 28.4 22.0 .29 3.45 3.27
TEST B 284 22.0 .29 3.45 3.27



SLOW BUBBLE RATE - CALIBRATION (Aproximately .24 bubbles per second)

d/cm *C b/s
H20 72.8 20.1 24
Alc. 223 20.9
SAMPLE GROUP 1 Bubble Surface
d/lcm  *C b/s Interval Age
Omli additive TEST A 72.8 20.1 24 4.16 sec. 3.95
.4ml additive TEST A 37.2 21.1 .52 1.92 sec. 1.75
TESTB 37.2 21.1 .52 1.92 sec. 1.75
.8ml additive TEST A 326 21.5 .52 1.92 sec. 1.75
TESTB 32.6 215 .52 1.92 sec 1.75
.12ml additive = TEST A 30.1 21.7 .53 1.88 sec. 1.71
TESTB 30.2 21.7 .53 1.88 sec. 1.71
1.6ml Additive TEST A 29.6 21.8 .52 1.92 sec. 1.75
TESTB 29.6 218 .52 1.92 sec. 1.75
2.0ml additive = TEST A 29.2 21.8 .50 2.00 sec. 1.82
TESTB 29.2 21.8 .50 2.00 sec 1.82
2.4ml additive TEST A 29.0 219 49 2.04 sec. 1.87
TEST B 28.9 219 49 2.04 sec. 1.87
2.8ml additive = TEST A 28.8 22.0 49 2.04 sec. 1.87
TESTB 28.8 220 49 2.04 sec. 1.87
3.2ml additive = TEST A 28.6 22.0 49 2.04 sec. 1.87
TESTB 28.6 22.0 49 2.04 sec. 1.87
J.6ml additive = TEST A 28.5 22.1 49 2.04 sec. 1.87
TESTB 28.5 22.1 49 2.04 sec. 1.87
4.0ml additive TEST A 28.4 22.2 49 2.04 sec. 1.87
TESTB 28.4 22.2 .49 2.04 sec. 1.87
4.4ml additive TEST A 28.3 22.1 49 2.04 sec. 1.87
TESTB 28.3 22.1 49 2.04 sec. 1.87
4.8ml additive TEST A 28.2 222 49 2.04 sec. 1.87
TESTB 28.2 222 49 2.04 sec. 1.87
5.2ml additive TEST A 28.2 222 49 2.04 sec. 1.87

TESTB 28.2 222 49 2.04 sec. 1.87



MEDIUM BUBBLE RATE - aprox 1b/s

CALIBRATION 72.7d/cm 21.1*C 1.01b/s
22.2 21.3*C
SAMPLE GROUP | - MED RATE Bubble Surface
d/cm *C b/s Interval Age
Oml " TESTA 72.7 21.1 1.01 .99 .86
Amil TEST A 454 212 1.96 Sl 42
TESTB . 45.4 21.2 1.96 .51 42
.8ml TEST A 38.4 21.2 1.94 .51 42
TESTB 38.4 21.2 1.96 51 42
1.2mi TEST A 35.7 21.2 2.04 .49 41
TESTB 35.7 21.2 2.05 49 41
1.6ml TEST A 34.6 21.2 2.07 .48 .39
TESTB 34.6 21.2 2.06 48 .39
2.0ml TEST A 335 21.2 2.07 48 .39
TESTB 33.5 212 2.07 48 39
2.4ml TEST A 33.0 213 2.07 48 .39
TESTB 33.0 213 2.07 48 .39
2.8ml TEST A 32.7 213 2.15 47 38
TESTB 32.7 21.3 2.11 47 .38
3.2ml TEST A 324 21.4 2.14 47 .38
TESTB 32.4 21.4 2.13 47 .38
3.6mi TEST A 32.2 214 2.14 47 .38
TEST B 322 21.4 2.16 46 37
4.0mi TEST A 32.1 21.5 2.16 .46 37
TESTB 32.1 21.5 2.16 .46 37
4.4ml TEST A 32.0 215 2.17 46 37
TESTB 32.0 21.5 2.16 46 37
4.8ml TEST A 31.9 215 2.17 .46 37
TESTB 31.9 215 2.19 46 37
5.2mi TEST A 31.8 213 2.19 46 37
TESTB 31.8 215 2.19 46 37
5.6mli TEST A 31.7 21.6 2.19 46 37
TESTB 31.7 21.6 2.19 46 37
6.0ml TEST A 31.6 21.6 2.22 435 .36
TESTB 316 21.6 2.19 46 37
6.4ml TEST A 31.5 21.6 2.20 45 .36
TESTB 315 21.6 2.19 .46 37
6.8ml TEST A 31.4 21.6 2.19 46 .37
TESTB 31.4 21.6 2.19 16 37
7.2ml TEST A 31.4 21.6 2.20 45 .36
TESTB 31.4 21.7 2.17 46 37
7.6ml TEST A 313 21.7 2.19 46 37
TESTB 31.3 21.7 2.17 46 37
8.0ml TEST A 313 21.7 2.19 46 37
TESTB 31.3 21.7 2.19 46 37
8.4mi TEST A 313 21.7 2.17 46 .37
TESTB 313 21.7 2.17 .46 37
8.8ml TEST A 31.2 21.7 2.17 .46 37
TESTB 31.2 21.7 2.17 46 .37
9.2ml TEST A 31.2 21.7 2.19 46 37
TESTB 31.2 21.7 2.19 46 37



FAST BUBBLE RATE Aprox. 4b/s

CALIBRATION 72.7d/cm 21.0*C 4.33b/s
Alc 22.3d/cm 21.1
SAMPLE GROUP 1 Bubble Surface
dem  *C b/s Interval Age
Omli TEST A 72.8 21.0 4.33 23 14
Amil TEST A 59.0 20.9 5.49 .18 .10
TESTB 58.9 20.9 5.50 .18 .10
.8ml TEST A 51.2 20.9 6.06 17 .09
TESTB 51.3 20.9 6.06 17 .09
1.2mi TEST A 474 21.0 6.29 .16 .08
TEST B 474 21.0 6.29 .16 .08
1.6ml TEST A 448 21.0 6.50 .15 .08
TESTB 448 210 6.49 15 .08
2.0m! TEST A 43.0 21.1 6.75 15 .08
TESTB 43.0 21.1 6.75 .15 .08
2.4ml TEST A 11.8 21.1 6.98 14 .07
TEST B 418 21.1 6.98 14 .07
2.8ml TEST A 40.8 21.1 6.98 14 .07
TESTB 40.7 21.1 6.98 14 .07
3.2ml TEST A 40.1 21.1 6.99 14 .07
TESTB 40.1 21.1 6.99 14 .07
3.6ml TEST A 39.5 21.2 6.98 14 .07
TESTB 39.5 21.2 6.99 14 .07
4.0ml TEST A 39.1 21.2 7.29 14 .07
TESTB 39.1 21.2 7.29 A4 .07
4.4ml TEST A 38.7 21.2 7.29 14 .07
TESTB 38.7 21.2 7.29 14 .07
4.8ml TEST A 385 21.2 7.31 13 .06
TESTB 385 21.2 7.29 14 .07
5.2ml TEST A 384 21.2 7.29 .14 .07
TEST B 383 21.2 7.29 14 .07
5.6mi TEST A 38.1 21.2 7.29 BE! .07
TESTB 38.2 21.2 7.29 14 .07
6.0ml TEST A 380 21.2 7.25 A4 .07
TESTB 37.9 212 7.29 14 .07
6.4ml TEST A 37.7 212 7.25 14 .07
TESTB 37.7 21.2 7.29 A4 .07
6.8ml TEST A 375 212 7.29 14 .07
TESTB 37.5 212 7.29 14 .07
7.2ml TEST A 37.3 21.2 7.29 14 .07
TESTB 37.3 213 7.29 A4 .07
7.6ml TEST A 37.1 213 7.29 14 .07
TESTB 37.1 213 7.25 14 .07
8.0ml TEST A 37.0 213 7.29 14 .07
TESTB 36.9 213 7.29 14 .07
8.4ml TEST A 36.8 21.3 7.29 14 .07
TESTB 36.9 21.3 7.25 14 .07
8.8mi TEST A 36.8 213 7.31 15 .08
TESTB 36.7 21.3 7.29 .14 .07
9.2mi TEST A 36.7 21.3 7.31 .15 .08
TESTB 36.6 21.3 7.29 A4 07



Sample Group 1 - Fast Rate Continued

9.6ml

10.0ml

TEST A
TEST B
TEST A
TEST B

36.6
36.6
36.6
36.6

213
213
214
214

7.29
7.29
7.29
7.29

.14
.14
14
14

.07
.07
.07
.07



EQUILIBRIUM SURFACE TENSIONS

SAMPLE GROUP 1

CONCEN. SURF. TEN. B/SEC.
4ml 35.5 d/cm 33
.8mi 31.0 d/cm 33
1.2mi 29.8 d/cm 31
1.6ml 29.2 d/cm 33
2.0ml 28.9 d/cm 33
2.4ml 28.8 d/cm 33
2.8mli 28.7 d/cm .30
3.2mi 28.6 d/cm .30
3.6ml 28.5 d/cm .29
4.0ml 28.4 d/xm .29
4.4ml 28.4 d/cm .29

4.8mi 28.4 d/cm .29
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SLOWEST RATE

SAMPLE GROUP 2 - HWI: 6310-105
Test Material: A12-14 EO7 (Alfonic 1412-7)

Bubble Surface

dlcm _ *C b/s Interval Age

Oml TEST A 727 215 .10 10 9.90
4ml TEST A 358 215 .28 3.57 3.39
TESTB 359 215 .29 345 3.28

.8ml TEST A 332 216 .30 333 3.16
TESTB 332 216 .30 333 3.16

1.2ml TEST A 319 216 .30 333 3.16
TESTB 319 217 .30 333 3.16

1.6ml TEST A 312 217 30 333 3.16
TESTB 312 217 .30 333 3.16

2.0ml TEST A 309 218 .30 333 3.16
TESTB 310 218 .30 333 3.16

2.4ml TEST A 305 220 .30 333 3.16
TESTB 305 220 .30 333 3.16

2.8ml TEST A 302 221 .30 333 3.16
TESTB 302 221 .30 333 3.16

3.2ml TEST A 301 222 30 333 3.16
TESTB 30.1 222 .30 333 3.16

3.6ml TEST A 301 222 .30 333 3.16
TESTB 301 222 30 333 316

4.0ml TEST A 30.1 222 .30 333 316
TESTB 30.1 222 .30 333 3.16



Nonionic Surfactants Report: Part 2. In Vivo Test Results

Appendix 5
CONDEA Vista Company:
Surface Tension Methods and Data

Contents:
1) Letter from D. Smith to J. Al-Atrash, dated October 28, 1994 (two pages).
2) Letter from D. Smith to J.E. Heinze, dated March 11, 1997 (one page).
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Vista Chemical Company 12024 Vista Parke Drive

Austin, Texas 78726-4050

(512) 331-2500

October 28, 1994

Dr. Jenan Al-Atrash

The Soaps and Detergent Association
475 Park Avenue South

New York, NY 10016

Dear Dr. Al-Atrash:

P.O. Box 200135
Austin, Texas 78720-0135
Fax (512) 331.2387

VIST/

[ have completed measuring the surface tension of the eleven samples I received from
Hazelton Laboratory. These samples are part of the study of "Primary Eye Irritation of
Nonionic Surfactants in Rabbits (Low Volume Procedure)". The measurements were made
on samples as received unless otherwise indicated. All measurements were at 25 C.

Sample Surface Tension (dynes/cm)
Brij® 35 41.39
Lauramine Oxide pH = 10.5 32.54
Lauramine Oxide pH =7 31.92
Neodol® 23-6.5 27.46
Neodol® 23-3 25.56
ALFONIC® 810-5 26.43
ALFONIC® 1412-7 28.29 i
Triton® N101 31.33 |
Tween® 85 32.81
Cocamide DEA"” 26.79
Glucopon 625CS 28.63

) Because of high viscosity, these samples were diluted 1:3 with deionized water prior

to measurement.

The dilution of the last three samples was done by adding 15 mi of as received sample
to 45 ml of DI water. This gave a solution sufficiently fluid to measure the surface
tension. This procedure is valid only if dilution does not change the surface tension
(concentration remains above the cmc). To test the validity of this procedure a further
dilution of 5 ml of DI water was added to each of the last three solutions and the surface



tension remeasured. The results are in the next table:

Sample 15mi sample:45 mi 15 mi sample:50 ml
water water
Tween 85 32.81 32.97
Cocoamide DEA 26.79 26.70
Glucopon 625CS 28.63 28.30

The agreement of the two values means that the solutions were above the cmc and so
even though dilute, the surface tension values obtained are the same as the more
concentrated "as received" samples.

Sincerely,

eoos L

Dewey Smit
Sr. Research Scientist
Surfactants and Specialties Technical Service

cc: John E. Heinze



CONDEA Vista Company e CONDEL
12024 V 324 Parka Crive = i — e

Aysun, Texas 78725-<050 \ Syt Y

1512) 331-2500

March 11, 1997

Dr. John E. Heinze
7699 Lavenham Landing
Alexandria, VA 22315

Dear John,

I do not have a written procedure other than the manual that explains the
method used to measure surface tension. Since the manual is far more detailed

that you probably want (which button does what). | will summarize the general
method.

The method is described in the literature as the du Nuoy ring method. This is a
very old method but has recently been automatad. The theory is the same
however. The du Nuoy ring we used is made of thin platinum wire and is
approximately 1 cm in diameter. The ring is attached to a rod and the rod is
used to attach the ring to the measuring instrument.

1
T Wweive "vel

>

[0 ol VoI9S

The measurement proceeds by placing the ring below the interface that is being
measured. In the measurements we did for SDA this was an air-water interface
so the ring was below the water. The operator then slowly raises the ring by
tuming a calibrated dial untif the ring breaks free of the interface (manual
instrument). In the automated version, the ring is automatically pulled through
the interface until the maximum pull on the nng is measured. In either case, the
force measured, along with the geometry of the ring and the density difference
between the interfaces can be used to calculate the surface tension.

I hope this is helpful. If you would like further details, please call me at (512)-

331-2447.

Sincerely,

Dewey Smith

PO. Box 200125 - Austin, Texxue /4/20-M138 - i - 512) 331.2387



Nonionic Surfactants Report: Part 2. In Vivo Test Results

Appendix 6
United States Testing Company:
Surface Tension, Interfacial Tension and Contact Angle Methods and Data

Contents:

1) Preliminary Report, dated January 12, 1994 (two pages).

2) Final Report, dated February 1, 1994 (four pages).

3) ASTM D 1331 - 89, “Standard Test Method for Surface and Interfacial Tension of
Solutions of Surface-Active Agents (three pages).

4) ASTM D 724 - 94, “Standard Test Method for Surface Wettability of Paper (Angle-of-
Contact Method) (three pages).

5) Fax from L. Van Savage to J. Heinze, dated 3/21/97 (one page).
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United States Testing Company, Inc.

1415 Park Avenue *+ Hoboken. New Jersey 07030 * 201-792-2400 - Fax: 201-792-7607

REPORT OF TEST
January 12, 1995
CLIENT: Soap & Detergent Association PROJECT NO: 403518
475 Park Avenue South PRELIMINARY REPORT
New York, NY 10016

Attention: Dr. Jenan Al-Atrash

SUBJECT: Client supplied eleven (11) samples of "non-ionic" surfactant
solution.

AUTHORIZATION: Client’s letter of March 25, 1994.

PURPOSE: To determine the surface tension, interfacial tension
and contact angle of the samples.

TEST DATES: December 12, 1994 to January 10, 1995.

PROCEDURE: The surface tension and interfacial tension were
determined in accordance with ASTM D-1331 using a DuNouy
Tensiometer. Octyl Alcohol was used for interfacial
measurenents. Contact angle measurement was made in

accordance with ASTM D-724. Teflon (tape) was used as
the substrate for making contact angle measurements.

Page 1 of 2 / 7 SIGNED FOR THE COMPANY BY

dr)’ . - ; /,
] ': - / 7 ]
| Jn —> i W/{Uizxa I X vy

SL-HEﬁKEEZ;aman /fiiz Van Savage/‘-'7 ~ 'dbé%ph, wiatkowééi

Preparer Laboratory Manager \/Assmtant Vice President

SGES uemow orme sas cow

e Biology * Chemistry * Environmental =+  Materials ° Facilities in Principal Cities ¢

UMTED STATES TESTING COMPANY. INC.S WSANOLE.'TERSAKFmMEXG-MUSENTNEGJENTTOWTNEVAMWESSEDMOWEYMNEWEGNWTEDSTAW
TESTING COMPANY. INC.. OR ITS SEALS OR INSIGMA ARE NOT TO BE USED UNDER ANY CIRCUMSTANCES IN ADVERTSING TOWEGENEMNNJCMOTNEIRCOUWTIONVOMVOYNERS.C
THE USE OF THE NAME OF UNITED STATES TESTWNG COMPANY WC wuumummmnm&wummvo&v TO THE STANOAROS OR PROCEDURES IOENTIFIED T
THE TESTS CONDUCTED. AND TD THE SAMPLE'S) TESTED ANOOR INSPECTIONS MADE UMLESS OTHERWASE SPECIFIED. THE TEST ANOYOR INSPECTION RESULTS ARE NOT INOKCATIVE C
ms&mmvtormeouum:soswamouwnomwgmwuvmowcrmmsmvmmoasxmmsmonomuoca«nnsomommwssmu.x
qgugqp-Q.V_Oqge_Ayrl\Avwltommmsnucmm m.mmmnmmﬁmmmmmmnmmmw THIS REPORT SHALL NC

. T S T L R i e el ~Aiioany s SALM £ NOTDESTROYED IN TESTING ARE RETAINED A MAXIMUM OF THIA
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United States Testing Company, Inc.

CLIENT: Soap & Detergent Association PROJECT NO: 403518
DATE: 01/12/95
PRELIMINARY REPORT
RESULTS:
Group Sample surface Interfacial Contact
Tension Tension Angle
(dynes/cm) (dynes/cm) (degrees
1 A ¢.s (Neodol 23 243 26.5 0.0 0.0 | =252 33.7
2 A EU, (Alfonic 1412-7) 272 26.6 0 0 0.0 |47 0 46."
3 A (Alfonic 810-5) 2 Cq 24.8 | o 1.2 |22 029.C
4 A,,.,sEOy (Neodol 23-3) L.+ 25.0 0.0 0.8 |22 11.
5 A,EO,; (Brij-3¢) =77 38.3 | £ 2.0 |37 9 88..
6 'Nonylphenol - EO,, (Triton N101) an 2 29.5 | 5 0 0.0 |[$%,5 56.
7 Sorbitan Oleate - EO,, (Tween 85) 27 41.5 AN 6.2 |-a y 85.
8 A - Glucose, , (Glucopon 625CS) -4 7 30.0 ) 1.1 |55, 74.
9 Lauramine Oxide ,H 7.0 2.~ 30.7 2.6 4.0 |ag ., 58.
10 Cocamide DEA b 29.5 T 11.0 |55 68.
11 Lauramine Oxice , H /9.& <2).¢4 30.1 “4 ) 1.6 |50 35.
NOTE: 1. Group 7 and Group 10 are viscous as compared to the

other samples.

Though care was taken to eliminate all air bubbles
dur ing detarminations, Group 19 poced difficulties in
conplete elimination of air bubbles.

Group 2, Group 1 and Group 7 when layered with octonol,
indicated formation of white colored substance at the
interface.

Page 2 of 2
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REPORT OF TEST
February 1. 1995
CLIENT: Soap & Detergent Association PROJECT NO1I 403518

475 Park Avenue South
New York, NY 10016

Attention: Dr. Jenan Al-Atrash

SUBJECT: Client supplied eleven (11) samples of "“non-ionic” surfactant
solution identified as:

Sample £ sample ;dentification

Au,quéd (Neod91 23

A,,..EO7 (Alfonic 1412-7)

Aa_wEOS (Alfonic 810-5)

A,,.;EO; (Neodol 23-3)

Ay,EOz; (Brij=33)

Nonylphenol = EQg s (Triton N101)

sorbitan Oleate ~ EOQ,, (Tween 85)
Ao ~ Glucose, g (Glucopcn 625CS)
Lauramine oxide, pH 7.0

cocamide DEA

Lauramine oxide, 10.5

Q\!O\U\-&'-UNP‘

e
= Oow

The samples are hereafter refered to as Sample "#1" to
"'ll" .

AUTHORIZATION: Client’s letter of March 25, 1994.

PURPOSE! To determine the surface tension, interfacial tension
and contact angle of the samples.

TEST DATES: Decenber 12, 1994 to January 10, 1995.

Page 1 of 4 SIGNED FOR THE COMPANY BY

db
5. Venkataraman Lisa Van Savage:>”c‘ Joseph Kwia;kowski )
Praeparer Laporatory Manager Assistant Vice pPresident

SGS Momber of e 533 Grow
. Blology . Chemistry  ° Exnvirenmental . Materials . Facilities in Principal Citles .

MWMWWM!W“MOW“M’W“WWW INDICA
e e e e e e oo e A PTs S B
. MMW'W‘QMWT@WMWYBM.WWYWW
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United States Testing Company, Inc.

CLIENT:

PROCEDURE:

The surface tension and 1
accordance with ASTM D-13

Soap & Detergent Association

nterfac :
31 using a DuNouy Tenslome

was used for interfacial reasuremnents.

made in accordance with
substrate for making con

ASTM D-724.
tact angle measurenments.

Ten readings were taken for each test.

The raw data shows the apparent
factor is applied to determine t

Contact ang
Teflon (tape

PROJECT NO:
DATE:

surface tension and
he true tension.

gurface Tension (dynes/cm)

RESULTS:
1 2 3 4

29.8 30.6 28.5 27.4
29.6 30.6 28.4 27.4
29.6 30.7 28.6 27.5
29.6 30.6 28.6 27.4
29.7 30.5 28.6 27.2
29.7 30.7 28.6 27.4
29.5 30.6 28.7 27 .4
29.6 30.7 28.6 27.5
29,6 30.7 28.7 27.5
29.6 30.7 28.5 27.5

Avg. 29.6 30.6 28.6 27.4

Cor’. 26.3 27.2 25.4 24.4

n 0.08 0.06 0.09 0.09

n=-1 0.08 0.07 0.09 0.09
0.06 ©:99 0.06 0.06

* Cor = Corrected Figure.

NOTE:

1. The "Corrected Figure"
factor is applied.

2. sample #

1, Standavd deviatiow

L". QS'/, co wen.oll X 4

5 6

—

43.1 34.1
43.2 34.2
43.2 34.0
43.2 34.1
43.2 34.2
43.2 34.1

43.2 34.2
43.1 34.2
43.2 34.2
43.1 34.2

43.2 34.2
38.5 30.4
0.05 0.07

0.05 0.07
0.04 0.05

is the surface tension after t

8 had small solid matter.

vaterval  value

2z
44.1
43.0
43.0
41.5
45.0
44.0
44.7
45.0
44.2
44.0

43.9

page 2 of 4

8
32.0
32.2
32.1
32.2
32.8
33.1
33.0
32.3
32.3
32.7

32.5
28.9
0.37

0.40
0.19

ter.

jal tension were determined in

wivvs

403518
02/01/95

Octyl Alcohol
le measurement was

) was used as the

the correction

10

34.4
33.5
33.7
32.0
33.0
33.5
33.0
32.1
32.4
33.0

11

35.4
35.6
35.3
35.3
35.3
35.3
35.3
35.2
35.3
35.3

35.3

0.10
0.07

he correction



W&

02/02/95

14:33

T201 792 1201

CHEMICAL SVYCS

United Slates Testing Company, Inc.

Socap & Detergent Association

2

[cX=NeNe]
(o]

0O000Qo
co0oo00O0O00O0

0.0
0.0

erfacial Tension (d

3 4
2.1 0.0
1.9 0.0
1.6 0.0
1.6 0.0
1.6 0.0
1.5 0.0
1.6 0.0
1.6 0.0
1.6 0.0
1.7 0.0
1.7 0.0
1.5 0.0
0.18 0.0
0.18 0.0
o.\1 0.0

= Corrected Figure.

The "Corrected Figure"
factor is applied.

sample #1, #2, #4, #7 and #
formation of w

5 6 7
0.8 0.0 6.8
0.9 0.0 7.0
0.9 0.0 7.0
0.9 0.0 7.1
1.0 6.0 7.0
0.9 0.0 6.9
0.8 0.0 7.0
0.9 0.0 7.2
0.9 0.0 7.1
0.9 0.0 7.0
0.9 0.0 7.0

is the surface te

le #7 and #10 were viscous as compar

S‘i‘amd&ral Glev.ta-‘ho.n

CLIENT:

RESULTS:
D S
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Avg. 0.0

Cor'. 0.0

n 0.0

n-1 0.0
0.0

* Cor

N :

1.

2. Samp

3.

W

S, qs/.

CoﬂF'Lu(_Q

hite colored substanc

a}'krvﬁ( ,“[KL

page 3 of 4

PROJECT NO:

DATE?S
s/cm

8 9

2.3 2.7
2.2 2.8
1.1 2.5
1.0 2.6
.1 2.5
1.1 2.5
1.0 2.5
1.2 2.6
1.3 2.5
1.2 2.6
1.5 2.6
1.3 2.6
0.53 0.1

0.50 0.1

0.35 o0.07

wuuo

403518

02/01/95
10 11
9.0 4.6
9.1 4.4
10.0 4.5
9.2 4.7
9.1 4.5
9.1 4.6
9.1 4.6
9.0 4.6
9.7 4.5
9.0 4.5
9.2 4.6
8.2 4.1
0.32 0.08

0.34 0.09
0.1+ .06

nsion after the correction

ed to other samples.

9 when layered with octono indicated
e at the interface.
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United States Testing Company, Inc.
CLIENT: soap & Detergent Association PROJECT NO: 403518
DATE: 02/01/95
RESULTS:
contact Angle (dynes/cm)
1 2 3 4 5 6 7 8 9 10 11
39.0 46.0 35.0 18.0 g7.0 64.0 81.0 89.0 24.0 63.0 52.0
39.0 46.0 32.0 1.0 86.0 sg.0 78.0 86.0 28.0 64.0 57.0
43.0 48.0 39.0 27.0 84.0 50.0 78.0 89.0 38.0 78.0 58.0
42.0 46.0 26.0 27.0 84.0 56.0 75.0 87.0 39.0 73.0 54.0
40.0 47.0 35.0 27.0 86.0 53.0 8§3.0 86.0 38.0 75.0 56.0
40.0 48.0 22.0 21.0 85.0 54.0 84.0 84.0 37.0 64.0 652.0
33.0 47.0 42.0 25.0 90.0 49.0 84.0 84.0 44.0 63.0 46.0
22.0 47.0 42.0 25.0 90.0 50.0 84.0 g87.0 47.0 66.0 44.0
34.0 48.0 127.0 24.0 90.0 63.0 71.0 36.0 43.0 63.0 56.0
28.0 47.0 22.0 20.0 90.0 ‘83,0 73.0 85.0 48.0 59.0 56.0
Avg. 36.0 47.0 32.0 23.0 187.0 5s6.0 79.0 g86.0 39.0 67.0 53.0
n 6.39 0.77 7.26 3.9 2.44 5.03 4.61 1.68 7.32 5.93 4.48
n-1 6.73 0.82 7.66 4.20 2.57 5.30 4.86 1.77 7.72 6.25 4.72
. 4.4l 0.58 Su§ 7300 {.9c 1.74 347 (.27 S et &7 =3.37
¢ o = ~ [ '
NOTE:
1. The average is corrected to whole numbers.
2. Sample #10 had numerous air bubbles and could not be gliminated.
3. Sample #7 and #10 were viscous as compared to other samples.
Cf_ S‘i’&v\Aﬂ-'A alﬂ-v._a‘ho‘n
S . asy, Com Ecds nece lnwlérUa_/ Ua.(ue.f

pPage 4 of 4
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AMERICAN SOCIETY FOR TESTING AND MATERIALS
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Reonnted Irom the Annual Boox of ASTM Slancaras. Copynght ASTM
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Surface and Interfacial Tension of Solutions of Surface-Active

Agents’

This standard is issued under the fixed designation D 1331: the number immediately following the desii:ation indicates the year of
onginal adopuion or, i the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
SUPCTSCTIPL epsion (¢) indicates an editonal change since the last revision or reapproval.

1. Scope

I.1' These test methods cover the determination of surface
tension and interfacial tension of solutions of surface-active

agents, as defined in Definitions D 459. Two methods are
covered as follows:

Method A—Surface Tension.

Method B—Interfacial Tension.

1.2 Method A is written primarily to cover aqueous
solutions of surface-active agents, but is also applicable to
nonaqueous solutions and mixed solvent solutions.

1.3 Method B is applicable to two-phase solutions. More
than one solutec component may be present, including solute
components that are not in themselves surface-active,

1.4 This standzrd may involve hazardous materials, oper-
ations, and equipment. This standard dors not purport to
address il of the safety problems aszociated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and heaith practices and determine the
applicability of regulatory limitations prior to use. Material
Safety Data Sheets are available for reagents and materials.
Review them for hazards prior to usage.

2. Refere:iced Document

2.1 ASTM Standard:

D459 Definitions of Terms Relating to Soaps and Other
Detergents?

3. Apparatus

3.1 Tensiometer—Either the du Nouy precision tensiom-
eter or the du Nouy interfacial tensiometer, equipped with
either the 4 or the 6-cm circumference platinum ring, as fur-
nished by the manufacturer, may be used. The tensiometer
shall be placed on a sturdy support that is free from vibra-
tons and other disturbances such as wind, sunlight, and
heat. The wire of the ring shall be in one plane, free of bends
or irregularities, and circular. When set in the instrument,
the plane of the ring shall be horizontal, that is, parallel to
the surface plane of the liquid being tested.

3.2 Sample Container—The vessel for holding the liquid
shall be not less than 6 cm in diameter, and sufficiently large

10 ensure that the contact angle between the ring and the
interface is zero.

! These test methods are under the junisdiction of ASTM Committee D-12 on
Soaps and Other Detergents and are the direct responsibility of Subcommittee
DI12.15 on Physical Testing.

Current edition approved May 26, 1939, Published July 1989. Originally
published as D 1331 - 54 T. Last previous editions D 1331 - 56(1986).

* Annual ook of ASTM Standards, Vol 15.04

1941

E-3

4. Preparation of Apparatus

4.1 Clean all glassware thoroughly. The use of fresh
chromic-sulfuric acid cleaning mixture, followed by a thor-
ough rinsing in distilled water, is recommended.

4.2 Clean the platinum ring by rinsing thoroughly in a
suitable solvent and in distilled water, before taking a set of
measurements. Allow the ring to dry, and then heat to white
heat in the oxidizing portion of a gas flame.

5. Calibration of Apparatus

5.1 The tensiometer is, i1 fact, a torsion balance, and the
absolute accuracy depends on the length of the torsion arm,
which is adjustable. Torsion may be applied to the wire by
means of either the dial-adjusting screw (which controls the
dial reading) or a rear adjusting screw. Calibration consists
essentially in adjusting the length of the torsion arm so that
tae dial scale will read directly in dynes per cenumetre. Tne
precision tensiometer shall be calibrated in accordance with
the following: 5.1.1 to 5.1.3; the interfacial tensiometer shal!
be calibrated in accordance with 5.1.1 to 5.1.4.

5.1.1 Level the tensiometer. A liquid level of :he type
employed on analytical balances may be used. Place the level
on the table that holds the sample for testing, and adjust the
leg screws of the tensiometer until the table is horizontal.
Pull the torsion wire taut by means of the tension screw, and
adjust the dial reading and the vernier to zero. Insert the
platinum ring in the holder, and place a small piece of paper
across the ring. This will serve as a platform to hold the
calibrating weight. Turn the rear adjusting screw of the
torsion wire until the index level of the arm is opposite the
reference line of the mirror; this automatically compensates
for the weight of the paper platform. Next, place an
accurately standardized weight of between 500 and 800 mg
on the paper platform and turn the dial-adjusting screw until
the index level of the arm is opposite the reference line of the
mirror. Record the dial reading to 0.10 divison. Call this
“gamma-c.”

5.1.2 Calculate what the reading “gamma-c” obtained in

S.1.1 should be when the tensiometer is properly adjusted, as
follows (Note 1):

Ye=(MXg)2L
where:
M = weight placed on the paper platform, g,
g = gravity constant (Note 2), cgs units, and

L = mean circumference of the ring (furnished by the man-
ufacturer with each ring).

If the recorded .dial reading “gamma-<" is greater than the
calculated value, the torsion arm should be shortened. If
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“gamma-c” is less than the calculated value, the torsion arm
shouid be lengthened. Repeat the calibration procedure, re-
adjusting the zero position after cach change in the length of
the torston arm, until the dial reading agrees with the calcu-
lated value. Each unit of the scale now represents a pull on
the nng of | dyne/cm. Note that a conversion factor, F (see
5.1.3). must be multiplied by the scale reading to give cor-
rected surface tension in dynes per centimetre.

NoTE | —Zxample—I M is exactly 0.600 g and L is 4.00 cm:
v = (0.600 x 98C.3)/(2 x 4.00) = 73.52 dynes/cm

Note 2—The gravity constant is 980.3 at Chicago; in other localities
it will difTer very slightly from this value.

5.1.3 After the tensiometer has been calibrated. it is con-
venient 0 calculate the number of grams total pull on the
ring that is represented by each scale division. This is done
simply by dividing the scale reading into the weight used for
calibration (Note 3). This value is used in the calculation of
the conversion factor, F, mentioned in 5.1.2.

NOTE J—In the example given in Note |, each scale unit after
calibration represents:

0.600/73.52 = 0.008161 g

5.1.4 [nterfacial Tensiometer—With the interfacial ten-
siometer, the same principle of calibrating by adjusting the
length of the torsion arm also applies. This instrument has,
however, in addition to the torsion arm, a torsion-arm coun-
tercalance. Adjust the length of this counterbalance to coin-
cide with that of the torsion arm itself, in order that the
vertical members of the assembly may remain in line.

METHOD A—SURFACE TENSION
6. Procedure

6.1 After the tensiometer has been calibrated, check the
level and insert the cleaned platinum ring (Note 4) that will
be used in the measurement. Check the plane of the ring, and
set the dial and vernier at zero. Adjust the rea- arJjusting
screw so that the index level of the arm is opposite the

rcf'er:nc; mark on the mirror, that is, the ring system is at the
zero position.

A\{OTE 4fExUth care must be taken to have the sample vessel and
platinum ring clean. Contamination of the liquid surface by dust or
other atmospheric impurities during measurement should be avoided.

6.2 Place the solution to be tested (Note 5), contained in
the thoroughly cleaned vessel (Note 4), on the sample plat-
form. Raise the sample platform by means of its adjusting
screw until the ring is just submerged.

NaTE 5—Since the surface tension of a solution is a function of the
concentration, care must be taken that the concentration is adjusted and
recorded within known limits. The presence of solutes other than the
surface-active agent should be ascertained and reported qualitatively and
quantitatively, insofar as possible. This includes hardness components in
the water. Care should be taken that the solution is physically homoge-
neous. Measurements made near or above the cloud point or other

critical solubility points can be in serious error. This is parnticularly true
when the solute is a surface-active material.

6.3 Lower the platform slowly, at the same time applying
torsion to the wire by means of the dial-adjusting screw.
These simultaneous adjustments must be carefully propor-
tioned so that the ring system remains constantly in its zero
position. As the breaking point is approached, the adjust-

ments must be made more carefully and more slowly. Record
the dial reading when the nng detaches from the surface.

6.4 Make at least two measurements. Additional measure-
ments shall be made if indicated by the over-all variation
obtained, the total number of readings to be determined by
the mugnitude of that vanation.

6.5 Record the temperature of the solution and the age of
the surface at the time of testing. Since the submerging of the
ring (6.2) may constitute a significant disturbance of the
surface, take the age as the elapsed time between submersion
and breakaway of the ring. The accuracy of this time obser-
vation may be indicated in the usual manner. [n most cases
an accuracy of =5 s is reasonable, and sufficient for this test
method.

7. Calculation and Report

7.1 The dial reading, obtained from a measurement carried
out in the foregoing manner with a calibrated instrument, is
actually the pull per linzar centimetre on the ring (both inner
and outer circumference being considered) at the break-point,
expressed in dynes. This value, called the uncorrected surface
tension, must be multiplied by a correcting factor, F, to give
the corrected surface tension. F is a function of the contours
of the liquid surface in the neighborhood of the ring at the
instant of breakaway. It can be numerically specified in
terms of R, the mean radius, in centimetres, of the ring; -, the
radius, in centimetres, of the wire from which the ring is
made; and V, the maximum volume of liquid elevated above
the free surface of the liquid. For liquids of low surface
tension, such as surface-active agents, F is, in general, appre-
ciably less than unity. It must, therefore, be ascertained and
applied. Values of F in terms of two compounded parame-
ters, R?/V and R/r have been compiled and tabulated by
Harkins and Jordan.? In order to look up Fin the tables, the
values of these two parameters raust be calculated. Values for
R and r are furnished by the manufacturer with each ring.
The value of V is calculated from the following equation:

V= M/(D-d)

where:

M = weight of liquid raised above the free surface of the
liquid,

D = density of liquid, and

d = density of air saturated with vapor of the liquid.

To calculate M, multiply the tensiometer dial reading by the
factor which converts this reading intc grams pull on the
ring, as calculated in 5.1.3. The factor D can be measured hy
the usual procedures, and the vaiue d can be obtained from
published data. The corrected surface tension in dynes per
centimetre is obtained by multiplying the uncorrected sur-
face tension value by F.

7.2 Unless specified, the surface tension values reported
shall be corrected values. Report also the temperature at
which the measurement was made. If it is desired to report
the surface tension value of an aqueous solution at some

3 Harking, W. D., and Jordan, H. F., “A Method for Determiaation of Surface
and Interfacial Tension from the Maximum Pull on a Rir.3." Journal Am. Chemcal
Soc.. Yol 52, 1930, p. 1751. These tables are also published in Physical Methods of
Organic Chemustry, Interscience Publishers, Inc., New York, NY. Vol 1, 1945, 2.
182-184,
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standard temperaturs, for example, 25°C, and the measure-
ment was actually made at a temperature within about 3°C
of this value (that is, 22 to 28°C), a correction factor of 0.14
dynes/cm-"C may be used. Subtract this correction factor
from the surface tension when the temperature of the test is
lower than the reported temperature, and add it to the sur-
face tension when the temperature of the test is higher than
the reported temperature. This value for the correction factor
is not vaiid for nonaqueous liquids, and should be used only
wnere the solvent is preponderantiy water.

METHOD B—INTERFACIAL TENSION

8. Proccdure

8.1 Determine interfacial tension as described in Section 6
for surface tension, with the following modifications:
~ 8.1.1 Always move the ring from the aqueous side of the
interface through to the nonaqueous side. With liquids lighter
than water, it is accordingly possible to use the precision
t;nsiometer as well as the interfacial tensiometer. With lig-
uids heavier than water, where the ring must be pushed
downward, the interfacial tensiometer should oe used.

8.1.2 Use fresh solutions and a freshly cleaned ring for
each determination.

§.1 3 When operating with a liquid heavier than the
agueous solution, place the two-layer system in the sample
vessel and place the ring in the upper (aquecus) layer. Make
the measurement by turning the torsion wire counter-clock-
wise _:md simuitaneously keeping the ring system in the zero
position, as in the measurement of surface tension, until the
ring breaks through the interface.

8.1.4 When operating with a liquid (oil) lighter than the

. Thae American Society for Testing ard Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressiy advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

v This standard is subject to revision at any time by the rasponsible technical committes and must ba raviewed every five ycars and
if not revised, either reapproved or withdrawn, Your commants are invited either tor revision of this standard or for additional stanoards

aqueous solution, first place the aqueous solution in the
sample vessel and immerse the ring therein. Carefully pour
the oil on top of the aqueous solution to form the two-layer
system. Contact between the oil and the ring should be
avoided during this operation. After allowing sufficient time
for the interfacial tension to come 1o its equilibrium value
(Note 6), make the measurement in the same manner as that
used for measuring surface tension.

NoTE 6—Since the interfacial energy of a newly formed liquid-liquid
interface generally requires some time to reach its equilibrium value, it is
advisable to wait at least S min after the interface is formed before taking
a measurement.

9. Calculation and Report

9.1 Asin the case of surface tension, a correction factor,
F, must be multiplied by the dial reading (pull on the ring in
dynes) in order to obtain the corrected value for interfacial
tension. Values for F have been published by Zuidema and
Waters.* The factor F is, in this case, a function of the
densities of the two liquids as well as of R and r, the radius of
the ring and that of the wire, respectively.

9.2 Unless specified, interfacial tension values reported
shall be corrected values. Report and adequately specify the
nature of the nonaqueous liquid (oil) used in the determina-
tion. Also report the ‘emperature at which the determination
was made. In contrast to surface tension values, interfacial
tension values cannot adequately v2 corrected for small tem-
perature deviations by means of a simple formula.

4 Zuidema, H. H.. and Waters, G. W, “A Ring Method for Determination of
Interfacial Tension.” /ndustrial and Engineering Chermustry, Analyticai Zdition,
Vol 13, 1941, p. 312,

and should ba addrassed to ASTM Headquarters. Your commants will receive careful consideration at a meeting of the responsibla
rgchmca/ commirtae, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views Fnown to the ASTM Commmtee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Surfacz Wettability of Paper (Angle-of-Contact Method)'

Thus standard 1s wssued under the fixed designation D 724: the number immediately following the designation 1ndicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parcntheses indicates the year of last reapproval. A
supersenipt epsilon () indicates an editonal change since the last revision or reapproval.

1. Scope

1.1 This test method covers the quantitative determina-
tion of the resistance of paper surfaces to wetting by
measuring the behavior of a drop of liquid when applied
directly 10 the paper surface.

1.2 The procedure described in this test method involves
the mcasurement of the angle of contact. Both the initial
wettabtlity and the rate of change of wettability may be
measured.

'.3 When using a standard ink, the initial contact angle or
wettabilily is considered to be a measure of the ruling quality
of the paper. The rate of change of contact angle or wet-
tability is considered to be a measurc of the writing quality.

I.4 Other liquids, both aqueous and nonaqueous, may be
used with this technique in special applications. Modifica-
ton of the procedure may be required when using liquids
other than the standard ink described.

1.5 Two types of apparatus for measuring the contact
angle are described. Additional apparatus that can perform
the test may also provide equivalent resuits.

1.6 The values stated in inch-pound units are to-be
regarded as the standard. The values given in parentheses are
for information only.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard 1o establish appro-
priate safety and health practices and determire the applica-
bility of reguiatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 585 Practice for Sampling and Accepting a Single Lot of
Paper, Paperboard, Fibertoard, or Related Product?

D 685 Practice for Conditioning Paper and Paper Products
for Testing?

E 122 Pracuce for Choice of Sample Size to Estimate a
Measure of Quality for a Lot or Process?

2.2 TAPP! Stardard:

TAPP! Test Method T 458 Surface wettability of paper
(angle of contact method)*

' This test method is under the jurisdiction of ASTM Committee D-§ on Paper
and Paper Products and is the direct responsibility of Subcommittee D06.92 on
Test Methods.

Current edition approved April 15, 1994. Published June 1994. Originally
pubdlished 25 D 724 - 43. Last previous edition D 724 - 89

3 Annual Book of ASTM Standards, Yol 15.09.

3 Annual Book of ASTM Sindards, Vol 14.02.

¢ Available from the Technical Associstion of the Pulp and Paper Industry,
Technoiogy Park/Atlanta, P.O. Box 10S113, Atlanta, GA 30348,

3. Apparatus

3.1 Drop Projection Instrument—An instrument capable
of projecting the image of a drop of liquid on the surface of
paper onto a screen so that the angle of a line tangeat with
the drop at the paper surface can be measured. The general
concept is shown in Fig. | and shall consist of the following:

Note {—While the projection instrument illustrated and described
is antiquated, it describes the concept of the measuning procccure.
Instruments are available in a2 more convenient form that scrve the same
purpose, that is projecting the image of the drop on a screen.

3.1.1 Angle Measuring Device—A protractor or similar
device for measurement of contact angle.

3.1.2 Filter, used to reduce the heat on the specimer: and
drop.

3.1.3 Lamp—A ventilated lamp house containing a light
source.

3.1.4 Microscope—A microscope draw tube suitable for
projecting the image of the drop on a screen with an
enlargement of 25 to 30 times.

3.1.5 Screen—A frosted glass screen on which the drop is
projected is required.

3.1.6 Stage—A honizontal stage capable of holding the
test specimen, with means for vertical adjustment of the
stage.

3.1.7 Tube and Lens—A tube capable of containing a lens
to concentrate the beam of light.

3.2 Hypodermic Syringe—A syringe, such as a l-mL
hypodermic, equipped with a No. 27 stainless steel needle,
capable of providing {50 to 200 drops, | mL, is suitable for
use with water-like liquids. More viscous liquids may require
a needle of different size.

3.3 Other instruments suitable for measuring contact
angle include a device where the screen is replaced by a
camera using instant developing film.

3.4 Reflective Goniometer—An instrument consisting of a
controlled light source, stage to hold the test specimen, and a

Hypoderme  Frasted Goss
250 . Syringe Sereen .
Projection  Tube ‘1 "S ™

lomp . . [:\ns 4 ,’?K men Microscepe

4 ,

* Ve

' “ceeodaikerizonsol
Water Celf Stage

FIG. 1 Projoction Apparatus
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mucroscope for direct viewing of the drop on the paper
specimen is required. The microscope shall be fitted with an
ocular graduated in degrees and adjustable so that the angle
of contact tetween a line tangent to the drop at the paper
surface can be determined.

4. Test Liquids

4.1 The liquid selected for testing purposes is a function of
the characteristic to be evaluated. The standard ink (see 4.4)
is used to determine writing characteristics of paper. The ink
descnibed is typical of that used in fluid ink writing instru-
ments.

4.2 Water is used for determining wetting characteristics
of that liquid when paper is expected to be exposed to water
only.

4.3 Other liquids may be used using the technique de-
scribed for special applications. There may be a nced under
those conditions to modify the test method from the
standpoint of size of droplet used and the time at which
contact angle is to be measured. Slow wetting liquids may be
evaluated over a longer time period.

4.4 Standard Ink—A standard ink having the following
compositon shall be used for determining the writing
qualities of paper:

Tammc 2cid, g 11.5
Gallic acid crysals, g 3.8
Ferrous sulfaie 7 hydrate. g 15.0
Hydrochlonc acid | &, mL 12.5
Phenol. g 1.0
Soluble blue dye, Color [ndex 42755, Acid Blue 22, g 3.5

Water. cistilled or deionized 10 make 1000 mL at 20°C (68°F)

All chemicals used in preparing the ink shall be of reagent
grade or equivalent quality. Some blue dyes react with

phenol to cause a film having a metallic appearance and such.

dyes shall not be used. The ink shall be prepared as follows:

4.4.1 Dissolve the tannic acid and gallic acid in about 400
mL of water at about S0°C (122°F). In a separate vessel,
dissolve the ferrous sulfate in about 200 mL of water that
contains the hydrochloric acid. In a third vessel dissolve the
dye in about 200 mL of water. Mix the three solutions in a
I-L volumetnc flask, rinse the vessels with small portions of
water, and add the rinsings to the flask. Add the phenol.
Dilute the water ta 1 L at 20°C (68°F).

4.5 Warer—Distilled or deionized.

4.6 Other Liquids—Other liquids might be either
aqueous- or nonaqueous-based. Some examples would be
specificd inks, adhesive, oils, and coating materials.

S. Sampling

5.1 For acceptance sampling, obtain the sample in accord-
ance with Practice D 585.

5.2 When sampling for other purposes, use Practice E 122
as an alternative.

6. Test Specimens

6.1 The test specimens shall be cut to a size appropriate
for the instrument being used. They shall be cut in such a
way as (o bc thoroughly representative of the sampic. Tests
shall be made on both sides of cach specimen. The actual test
areas tested shall not contain water marks or visible blem-
ishes or defects and shall not be touchzd with the fingers or
contaminatcd in any other way,

6.2 The test specimens shall be conditioned in 2ccordance
with Practice D 685.

7. Procedure ’ -

7.1 Test the specimens under standard atmospheric con-
ditions in accordance with Pracuce D 685.

7.2 Place the test specimen in the instrument, holding it
in closc contact with the stage by means of small weights,
clips, or whatever fixtures are associated with the instrument.

7.3 Set the tip of the hypodermic needle 3.2 mm (' in.)
from the surface of the specimen and deposit a drop of test
liquid Y150 to Y200 mL in size on the specimen. _

7.4 For initial wettability, used as a measure of ruling
quality, make the measurement of the angle of contact after
the drop has been in contact with the paper for 5 s. For rate
of change of wettability, used as a measure of writing quality,
make two measurements, one after S s and the other after 60
s have elapsed.

1.5 Angle of Contact Measurement (see Fig. 2):

1.5.1 Projected Image Procedure—Project the image of
the drop enlarged on a glass screen, at the back of which shall
be clamped a sheet of transparcnt onionskin paper. Draw a
horizontal line on the transparent paper coinciding with the
image of the base of the drop and as soon as the specified
time of contact of the drop with the specimen has elapsed,
quickly draw two tangents to the curve at the two points of
contact with the base line. Measure the two interior angles
between the base line and the tangents with a protractor.

7.5.2 Reflective Goniometer Procedure—Adjust the eye
piece and the internal measuring mechanism so that the
interior angle of each of the two points of contact can be
determincd.

7.6 Make measurements for 5 drops on each side of the
specimen. The contact angle for each drop shall be the
average of the angles at the two edges of the drop. If the two
contact angles are significantly different. the value should be
eliminated and the test repeated.

8. Calculation

8.1 Calculation—Calculate the rate of change in wetta-
bility as follows:

R=(A—-a)ss
where:
R = rate of change in wettability, */s,
A = average angle of contact after 5 s, and
a = avcrage angle of contact after 60 s.

L I L L L T T L L T 2

A = contact angle

O = drop ot Aquid

P = paper

T = tangent at paper surface

FIG. 2 Measunng Angle of Contact
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9. Interpretation of Results

9.1 In considering the resuits of the angle-of-contact test,
the following factors that all affect the results in different
degrees shail te considered: (a) the wetting power of the test
liquid used, (9) the werability of the sizing agent used in
sizing the paper, and (c) the surface texture of finish of the
paper.

9.2 [ne standard ink will give smaller angles of contact
than water, indicating that it wets the paper more readily
than water. Papers surface-sized with starch will gencrally
show smailer angles than papers of about the same finish
tube-sized with glue. A machine-finished paper with a grainy
surface would have a greater angle of contact than a plated or
calendered paper of equal sizing. [t is known that in practice,
ruling results will depend on both the surface wettability and
{inish of the paper. Thus, the angle of contact should give a
very good idea of what is to be expected. It bas been found
that excellen: ruling will prevail when the average angle of
contact with water lies between 90 and 100%; when the angle
of coniact is greater than 110°, breaks are likely to occur in
ihe ruled lines; when the angle is smaller than 90°, the ruling
und is likely 1o feather.

9.3 In determiming the writing qualities of paper by means
of the angle-of-contact method, it is necessary to take into
account that medium-sized papers will at times show feath-
ering oniy after the ink has partly penetrated the paper. The
icndency.of a writing paper to feather will be indicated by the
decrease in the angle of contact between measurement after S
and 60 s. In hard-sized papers, the angle of contact will not
change percepubly between the measurements at § and 60 s.
If the initial wettability is less than 907, it is quite likely the
paper will feather as soon as it is writter: upon.

9.4 As the range in contact angle for specific conditions is
small, a refined technique is required in performing the test.

This is indicated by the above examples as well as by-

theoretical considerations.

10. Report
10.1 Report the feilowing information:
10.1.Y Standard Ink:
10.1.1.1 The inital wettability or ruling quality shall be

reported as the average angle of contact after S-s exposure
expressed (o the nearest degree,

10.1.1.2 The rate of change of wettability or wnting

quality 1s reported as calcue.zied in 8.1,

10.1.1.3 If possible t0 icznufy the two sides, the results
shall be identified as to :5e wirc side and the felt side.
Otherwise, the size may =< arbutranly designated. as for
cxample, 4 and B, and

10.1.1.4 Test results shaii De expressed as maximum,
minimum, and average for 22ch side of the specimen tested.
reported to two significant gures.

10.1.2 Other Liquids—:7 liquids other than the standard
ink arc used, the liquid used 2long with any modifications of
the procedures shall be regcried.

11. Precision and Bias

V1.t Precision:

11.1.]1 When the procecure in this test method is applied
by a singie operator using the same equipment to paper
whose surface characterisiics :mpacting this test method arc
homogeneous, and where ‘21 tests are run on the same side
of two test specimens cut ‘rom the same sheet of paper giving
a result of 90° or greaier using this test method, the
repeatability standard deviation is approximately 7° and
the 95 % repeatability is Z° {sce TAPPI T 458).

11.1.2 Using the data reported by Bristow,’ the reproduc-
ibility standard deviaticn is approximately 2.5° and the 95 %
reproducibility limit is agzroximately 7° for two different
operators using the same apparatus.

11.1.3 Itis not pructicctie to specify in greater detail the
precision of the procedure for determining contact angle in
this test method because of variations in equipment, vana-
tions in test liquid, and mcst specifically in paper coating
uniformity which are enccuntered. It must be left to indi-
vidual laboratories to ds:ermine precision estimates for
specific paper grades and iesting nceds.

11.2 Bias—No statemen: can be made about the bias of
the procedure in this test mcthod because contact angie is
defined in terms of the test method.

12. Keywords

12.1 angle-of-contac: ccntact angle; paper; surface wetia-
bility

3 Bristow, J.A., "The Reproduciz:iity of Contact Angle Mcasurement,” Paper:
Ja Puu 50 (4a): 171, 1968.

The American Society for Testing and Materials takes no position respecting the validity of any gatent r.5:s asserted in connection
with: any :tam mentioned in this standard. Users of this standard are expressly advised that determinaticss =! the validity of any such
Fatant rights, and the risk of infringement of such rights, are entirevy their own responsioility.
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1512) 331-2500

March 11, 1997

Dr. John E. Heinze
7699 Lavenham Landing
Alexandria, VA 22315

Dear John,

| do not have a written procedure other than the manual that explains the
method used to measure surface tension. Since the manual is far more detailed
that you probably want (which button does what). | will summarize the general
method.

The method is described in the literature as the du Nuoy ring method. This is a
very old method but has recently been automated. The theory is the same
however. The du Nuoy ring we used is made of thin platinum wire and is
approximately 1 cm in diameter. The ring is attached to a rod and the rod is
used to attach the ring to the measuring instrument.

Ve

G e

S

A~ \ Coran

The measurement proceeds by placing the ring below the interface that is being
measured. In the measurements we did for SDA this was an air-water interface
so the ring was below the water. The operator then siowly raises the ring by
tuming a calibrated dial untii the ring breaks free of the interface (manual
instrument). In the automated version, the ring is automatically pulled through
the interface until the maximum pull on the ring is measured. In either case, the
force measured, along with the geometry of the ring and the density difference
between the interfaces can be used to calculate the surface tension.

| hope this is helpful. If you would like further details, please call me at (512)-

331-2447.
Sincerely,
MQ ! ﬂ ‘
" )
. .{’J%LAJ \,"X g f
-Dewey Smith

PC. Box 200125 - Austin, Texae /#/20-0°138 - i 1912) 331.2387
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SAMPLE GROUP 3 - SLOWEST RATE
HWI:6310-105 Test Material: A8-10 EOS (Alfonic 810-5)

Bubble Surface

d/ecm __ *C b/s Interval Age

Oml TESTA 73.0 19.0 15 6.66 6.39
A4ml TEST A 36.0 19.4 .26 3.85 3.66
TESTB 36.0 19.4 25 4.00 3.80

.8ml TEST A 28.6 19.7 33 3.03 2.81
TESTB 28.6 19.8 33 3.03 2.81

1.2mi TEST A 27.5 19.9 33 3.03 2.81
TESTB 275 19.9 33 3.03 2.81

1.6mi TEST A 27.0 19.9 32 3.12 2.90
TESTB 27.0 19.9 32 3.12 2.90

2.0ml TEST A 26.4 20.0 31 3.22 3.02
TESTB 26.4 20.1 32 3.12 2.90

2.4ml TEST A 26.1 20.1 .33 3.03 2.81
TESTB 26.1 20.2 31 3.22 3.02

2.83ml TEST A 25.8 20.3 .32 3.12 2.90
TESTB 258 20.3 .32 3.12 2.90

3.2ml TEST A 256 20.5 .32 3.12 2.90
TESTB 25.6 20.6 33 3.03 2.81

3.6ml TEST A 255 20.7 .30 3.33 3.16
TESTB 253 20.7 31 3.22 3.02

4.0ml TEST A 25.4 20.8 31 3.22 3.02
TESTB 25.4 208 .30 3.03 2.82

4.4mil TEST A 253 21.0 .30 3.03 2.82
TESTB 25.3 21.0 .30 3.03 2.82

4.8ml TEST A 25.2 21.0 .30 3.03 2.82
TESTB 25.2 21.0 .30 3.03 2.82

5.2ml TEST A 25.2 21.1 .30 3.03 2.82
TESTB 25.2 21.1 .30 3.03 2.82

5.6ml TEST A 25.2 212 .30 3.03 2.82

TESTB 252 21.2 .30 3.03 2.82



SAMPLE GROUP 3 - SLOW RATE

Omli additive
.4ml additve

.8ml additive

1.2ml additive
1.6ml additive
2.0ml additive
2.4ml additvie
2.8ml additive
3.2ml additive

3.6ml additve

4.0ml additive’

4.4ml additive
4.8mli additve

5.2ml additive

TEST A
TEST A
TESTB
TESTA
TEST B
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

Bubble Surface
dcm  *C b/s Interval Age
72.6 22.0 24 4.16 sec 3.95
41.8 229 32 3.12 sec 2.90
41.8 229 32 3.12 sec 2.90
32.0 229 .36 2.77 sec 2.58
32.0 229 .36 2.77 sec 2.58
29.9 22.9 41 2.43 sec 221
299 229 41 2.43 sec 221
28.7 23.0 42 2.38 sec 2.17
28.8 23.0 42 2.38 sec 2.17
27.4 229 44 2.27 sec 2.06
27.4 229 44 2.27 sec 2.06
26.5 23.0 41 2.43 sec 221
26.5 23.0 41 2.43 sec 2.21
26.1 23.0 44 2.27 sec 2.06
26.1 23.0 44 2.27sec 2.06
25.7 23.0 42 2.38 sec 2.17
25.7 23.0 42 2.38 sec 2.17
25.5 23.0 43 2.32 sec 2.11
25.5 23.0 43 2.32 sec 2.11
25.3 23.0 43 2.32 sec 2.11
253 23.0 43 2.32 sec 2.11
25.2 23.0 .50 2.00sec 1.82
25.1 23.0 .50 2.00 sec 1.82
25.2 22.9 .50 2.00 sec 1.82
25.2 22.9 .50 2.00 sec 1.82
252 22.9 .50 2.00 sec 1.82
25.2 229 .50 2.00 sec 1.82



SAMPLE GROUP 3 - MED RATE Bubble Surface
d/cm___*C b/s Intenval Age
Oml TEST A 727 208 1.00 1.00 87
4mi TEST A 47.1 20.7 1.52 .66 .56
TESTB 47.0 20.7 1.52 .66 .56
.8ml TEST A 368  20.7 1.52 .66 .56
TESTB 36.8  20.7 1.54 .65 .55
1.2ml TEST A 333 20.7 2.04 49 40
TESTB 33.3 20.7 2.04 .49 40
1.6ml TEST A 31.7 20.7 2.14 47 38
TESTB 31.7 20.7 2.15 47 38
2.0ml TEST A 30.6 20.7 2.16 .46 37
TESTB 30.7 20.7 2.16 .46 37
2.4ml TEST A 29.8 20.8 2.19 46 .37
TESTB 297 208 217 46 .37
2.8ml TEST A 29.2 20.8 2.22 45 .36
TESTB 29.2 20.8 2.22 45 .36
3.2mil TEST A 29.0 20.8 2.25 44 35
TESTB 29.0 20.8 2.22 45 .36
3.6ml TEST A 28.7 20.9 2.22 45 .36
TESTB 28.7 209 222 45 .36
4.0ml TEST A 28.4 20.9 2.22 45 .36
TESTB 28.4 20.8 2.25 44 .35
4.4ml TEST A 28.2 20.9 2.22 45 .36
TESTB 28.2 20.9 2.25 44 35
4.8ml TEST A 27.9 20.9 2.22 45 .36
TESTB 28.0 20.9 2.25 44 35
5.2mi TEST A 27.8 20.9 2.25 44 35
TESTB 27.7 209 2.22 45 .36
5.6mi TEST A 27.5 20.9 2.22 45 .36
TESTB 27.6 20.9 2.22 45 .36
6.0ml TEST A 27.5 20.9 2.22 45 .36
TESTB 27.5 20.9 2.25 44 35
6.4ml TEST A 274 209 2.25 44 3
TESTB 274 209 225 H .35
6.8ml TEST A 274 20.9 2.22 45 .36
TESTB 274 20.9 2.25 44 35
7.2mi TEST A 27.3 209 2.22 45 .36
TESTB 273 209 2.25 44 .35
7.6mi TEST A 273 20.9 2.25 4 35
TESTB 273 209 2.22 45 .36
8.0ml TEST A 27.3 20.9 2.22 45 .36
TESTB 27.3 20.9 2.25 44 35
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SAMPLE GROUP 3 - FAST RATE Bubble Surface
d/em _ *C b/s Interval Age
Omi TEST A 72.6 218 4.25 .24 15
4mli TEST A 52.8 21.7 5.89 17 .09
TESTB 52.8 21.7 5.89 17 .09
8mi TEST A 433 21.7 6.77 15 .08
TESTB 433 21.7 6.77 15 .08
1.2mi TEST A 378 21.7 7.29 .14 .07
TESTB 37.8 21.7 7.29 14 .07
1.6mi TEST A 35.0 21.7 7.93 13 .06
TESTB 35.0 21.8 7.97 13 .06
2.0mil TEST A 33.1 218 7.95 13 .06
TESTB 33.0 218 7.95 13 .06
2.4mi TEST A 31.6 21.7 8.28 12 .05
TESTB 316 21.7 828 12 .05
2.8mi TEST A 30.3 21.8 8.68 12 .05
TESTB 30.4 218 8.62 12 .05
3.2mi TEST A 29.4 218 8.68 12 .05
TESTB 29.4 218 8.62 12 .05
3.6mi TEST A 28.8 21.8 8.68 12 .05
TESTB 28.9 21.9 8.68 12 .05
4.0ml TEST A 28.3 219 8.68 12 .05
TESTB 28.3 219 8.68 12 .05
$.4mi TEST A 27.9 219 8.71 11 .05
TESTB 28.0 219 8.71 11 .05
4.8ml TEST A 278 219 8.71 11 .05
TESTB 27.7 219 8.71 A1 .05
5.2ml TEST A 276 219 8.71 11 .05
TESTB 275 219 8.71 11 .05
5.6ml TEST A 27.5 219 8.71 11 .05
TESTB 27.5 21.9 8.71 11 .05
6.0ml TEST A 275 219 8.71 11 .05
TESTB 275 219 871 1 .05
6.4mi TEST A 27.5 219 8.71 1 .05
TESTB 27.5 219 8.71 1 .05



EQUILIBRIUM SURFACE TENSION POINTS

SAMPLE GROUP 3
CONCEN. SURF. TEN
Ami 36.0 d/cm
.8ml 28.6 d/cm
1.2mil 27.5 d/cm
1.6ml 27.0 d/cm
2.0lml 26.4 d/cm
2.4mli 26.1 d/cm
2.8ml 25.8 d/em
3.2mil 25.6 d/cm
3.6mi 25.5 d/em
4.0ml 25.4 d/cm
4.4mil 25.3 d/cm
4.8ml 25.2 d/cm
5.2mi 25.2 d/cm
5.6ml 25.2 d/cm

B/SEC.
.26
32
33
32
32
32
33
.30
.30
.30
.30
.30
.30
.30
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SAMPLE GROUP 4 - SLOWEST RATE
HWI:6310-105 Test Material: A12-14 EO3 (Neodol 23-3)
Bubble Surface
dem _ *C b/s Interval Age

Omi TEST A 72.5 224 12 8.33 8.16
Aml TEST A 40.2 22.4 .24 416 395
TESTB 40.2 224 .24 4.16 3.95
.8ml TEST A 3.7 225 .27 3.70  3.52
TESTB 377 225 .28 3.57 3.39
1.2mi TEST A 35.8 226 .28 3.57 3.39
TESTB 357 226 .28 3.57  3.39
1.6ml TEST A 341 227 .30 3.33 3.19
TESTB 342 22.7 .30 3.33 3.19
2.0mli TEST A 33.0 228 .30 3.33 3.19
TESTB 33.0 228 .30 3.33 3.19
2.4ml TEST A 32,6 22.8 .30 3.33 3.19
TESTB 32,6 22.8 .30 3.33 3.19
2.8ml TEST A 32,0 229 .33 3.03 2.84
TESTB 320 229 32 3.12 296
3.2mi TEST A 31.7 229 .32 312 2.96
TESTB 3.7 229 31 322 3.03
3.6ml TEST A 313 23.0 33 3.33 3.19
TESTB 31.3 23.0 .30 3.33 3.19
4.0ml ' TEST A 30.9 23.0 .33 3.03 2.84
TESTB 31.0 23.0 31 3.22 3.03
4.4ml TEST A 30.7 23.2 .30 3.33 3.19
TESTB 30.6 23.1 .32 312 296
4.8mi TEST A 30.5 23.1 31 3.22  3.03
TESTB 30.4 23.1 .30 3.33 3.19
5.2ml TEST A 30.4 233 31 322 3.03
TESTB 304 233 31 322 303
5.6ml TEST A 30.4 233 31 322 3.03
TESTB 30.4 233 31 3.22 3.03
6.0ml TEST A 304 233 31 322 3.03

TESTB 30.4 233 31 3.22 3.03



SAMPLE GROUP 4 - SLOW RATE

Oml additive
.4ml additive

.8ml additive
1.2ml additive
1.6ml additive
2.0ml additive
2.4ml additive
2.8ml additive
3.2ml additive
3.6ml addditive
4.0ml additive
4.4ml additive
4.8ml additive
5.2ml additive
5.6ml additive
6.0ml additive
6.4ml additive
6.8ml additive
7.2ml additive
7.6ml additive
8.0ml additive
8.4ml additive

8.8ml additive

TEST A
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TEST B
TEST A
TESTB
TEST A
TEST B
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TEST B
TEST A
TEST B
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TEST B
TEST A
TESTB
TEST A
TESTB
TEST A
TEST B
TEST A
TEST B
TEST A
TESTB

Bubble Surface
dicm *C b/s Interval Age
72.5 22.8 .24 4.16s. 3.95
458 23.0 24 4.16s. 3.95
459 23.0 24 4.16s. 3.95
43.0 22.6 .28 3.57s. 3.39
429 22.6 .28 3.57s. 3.39
41.0 22.9 .30 3.33s. 3.16
40.9 229 .30 3.33s 3.16
38.5 229 32 3.12s 2.93
385 229 32 3.12 2.93
374 23.1 .36 2.77 2.58
375 23.1 .36 2.77 2.58
36.5 229 40 2.50 2.28
36.5 229 40 2.50 2.28
36.0 23.1 39 2.56 2.33
36.0 23.1 .39 2.56 2.33
349 23.0 .39 2.56 2.33
349 23.0 .39 2.56 2.33
339 23.0 38 2.63 2.43
339 23.0 .38 2.63 2.43
33.7 229 37 2.70 2.44
33.7 22.9 37 2.70 2.44
33.2 22.9 37 2.70 2.44
33.2 229 .37 2.70 2.44
33.0 229 .37 2.70 2.44
33.0 229 37 2.70 2.44
32.7 229 .38 2.63 2.43
32.8 229 38 2.63 2.43
326 229 .39 2.56 2.33
32,6 229 .39 2.56 2.33
323 22.8 .39 2.56 2.33
324 22.9 .39 2.56 2.33
32.1 22.9 .39 2.56 2.33
322 22.9 .39 2.56 2.33
31.6 229 .39 2.56 2.33
315 22.9 .39 2.56 2.33
31.1 229 40 2.50 2.28
31.2 22.9 40 2.50 2.28
31.1 23.0 40 2.50 2.28
31.0 23.0 40 2.50 2.28
30.8 23.0 40 2.50 2.28
30.8 23.0 40 2.50 2.28
30.8 23.0 40 2.50 2.28
30.8 23.0 40 2.50 2.28
30.8 23.0 40 2.50 2.28
30.8 23.0 40 2.50 2.28



SAMPLE GROUP 4 - MED RATE Bubble Surface

dem__ *C b/s Intennal Age
Oml TEST A 72.8 20.9 1.01 .99 .86
4mil TEST A 60.0 20.9 1.04 .96 .83
TESTB 60.0 20.9 1.05 95 .82
8ml TEST A 57.1 21.0 1.12 .89 77
TESTB 57.1 21.0 1.10 91 .78
1.2mi TEST A 549 21.0 1.17 85 73
TESTB 54.9 21.0 1.17 .85 73
1.6mi TEST A 52.9 21.0 1.20 .83 .
TESTB 52.9 21.0 1.19 .84 7
2.0mli TEST A 52.0 21.0 1.25 .80 .69
TESTB 52.0 21.0 1.25 .80 .69
2.4mli TEST A 51.0 210 1.30 77 .66
TEST B 51.0 21.0 1.30 .77 .66
2.8mi TEST A 50.2 21.0 1.32 .76 63
TESTB 50.2 21.0 1.30 77 66
3.2ml TEST A 49.6 21.1 1.32 .76 65
TESTB 49.6 21.1 1.34 75 64
3.6ml TEST A 48.9 21.1 1.36 74 .63
TESTB 48.9 21.1 1.34 75 .64
4.0ml TEST A 48.1 21.1 1.38 72 62
TESTB 48.1 21.1 1.39 .72 62
4.4ml TEST A 475 21.2 1.39 .72 62
TESTB 47.5 21.2 1.40 71 61
4.8ml TEST A 47.0 21.2 1.40 ! .61
TESTB 470 21.2 1.40 71 61
5.2ml TEST A 46.5 21.2 1.42 .70 60
TEST B 46.5 21.2 1.40 71 61
5.6mi TEST A 46.0 21.2 1.42 .70 .60
TESTB 459 21.2 1.42 .70 .60
6.0ml TEST A 45.6 21.2 1.43 .70 60
TESTB 45.7 21.2 1.43 .70 .60
6.4ml TEST A 456 21.2 1.45 69 .59
TESTB 45.5 21.2 1.46 .68 .58
6.8ml TEST A 45.1 21.2 1.45 .69 .59
TESTB 45.0 21.2 1.46 .68 .58
7.2mi TEST A 44.6 213 1.48 .68 .58
TEST B 44.5 213 1.48 .68 .58
7.6ml TEST A 44 .4 213 1.48 .68 .58
TEST B 444 213 1.48 .68 .58
8.0ml TEST A 142 213 1.50 .67 37
TESTB 4342 213 1.48 68 .58
8.4ml TEST A 44.0 213 1.50 .67 .57
TEST B 440 213 1.51 .68 .58
8.8ml TEST A 437 213 1.54 .65 .55
TESTB 437 213 1.56 .64 54
9.2ml TEST A 43.5 213 1.56 .64 54
TESTB 43.5 213 1.54 .65 .55
9.6ml TEST A 434 213 1.52 .66 .56
TESTB 433 213 1.52 .66 36
10.0ml TEST A 43.2 213 1.52 .66 .56
TESTB 43.1 21.3 1.52 .66 .56



Sample Group 4 - Medium Rate Continued

10.4ml

10.8ml

11.2ml

TEST A
TEST B
TEST A
TEST B
TEST A
TESTB

43.0
42.9
42.9
42.9
42.9
429

213
213
213
213
213
213

1.53
1.54
1.56
1.56
1.56
1.56

Al A A

n

.lJl.lJl;Jli.ll
A= de de b=

n
LV ]



SAMPLE GROUP 2 - SLOW RATE Bubble Surface
d/cm *C b/s Interval Age
Oml additive TEST A 72.8 20.1 24 4.16 sec. 3.95
.4ml additive TEST A 41.5 22.5 40 2.50 sec. 2.30
TESTB 41.5 22.5 40 2.50 sec. 2.30
.8ml additive TEST A 36.6 22.6 40 2.50 sec. 2.30
TESTB 36.6 22.6 40 2.50 sec. 2.30
1.2ml additive TEST A 345 22.8 A3 2.32 sec. 2.11
TESTB 344 22.8 A3 2.32 sec. 2.11
1.6ml additive TEST A 333 22.7 43 2.32 sec. 2.11
TESTB 33.3 22.7 43 2.32 sec. 2.11
2.0ml additive TEST A 326 23.1 M 2.27sec. 2.06
TESTB 326 23.1 44 2.27 sec. 2.06
2.4ml additive TEST A 31.0 23.1 44 2.27sec. 2.06
TESTB 309 23.1 44 2.27sec. 2.06
2.83ml additive TEST A 309 23.1 44 2.27 sec. 2.06
TESTB 30.9 23.1 44 2.27sec. 2.06
3.2ml additive TEST A 30.8 23.1 A3 2.32 sec. 2.11
TESTB 30.8 23.1 43 2.32sec. 2.11
3.6ml additive TEST A 30.7 232 42 2.38 sec. 2.17
TESTB 30.6 23.2 42 2.38 sec. 2.17
4.0ml additive TEST A 30.5 23.2 41 2.40 sec 2.18
TESTB 30.5 23.2 41 2.40 sec 2.18
4.4ml additive TEST A 30.3 232 4 2.27 sec 2.06
TEST B 30.3 23.2 44 2.27 sec 2.06
4.8ml additive ~TEST A 303 23.2 43 2.32 sec 2.11
TESTB 30.3 23.2 43 2.32 sec 2.11
5.2ml additvie TEST A 30.3 23.2 43 2.32 sec 2.11
TESTB 30.3 23.3 43 2.32 sec 2.11



SAMPLE GROUP 2 - MED. RATE Bubble Surface
d/cm__ *C b/s Interval Age
Oml TEST A 72.7 21.2 1.01 .99 .86
4ml TEST A 49.2 21.2 1.53 .65 .55
TESTB 19.2 21.2 1.54 .65 .55
.8mi TEST A 440 21.2 1.68 .60 .51
TEST B 440 21.2 1.65 .60 51
1.2mi TEST A 1.6 21.3 1.78 .56 46
TESTB 41.6 21.3 1.78 .56 46
1.6mi TEST A 40.1 21.3 1.82 .55 46
TESTB 40.1 213 1.87 53 44
2.0mi TEST A 39.1 213 1.86 .53 44
TESTB 39.1 213 1.87 .53 44
2.4ml TEST A 38.4 213 1.92 .52 43
TEST B 38.4 213 1.94 .52 43
2.8ml TEST A 379 214 1.92 .52 43
TESTB 379 214 1.92 .52 43
3.2mi TEST A 375 214 1.94 .52 43
TESTB 375 21.4 1.94 .52 43
3.6ml TEST A 372 21.4 1.88 .53 44
TESTB 37.2 21.4 1.88 .53 44
4.0ml TEST A 36.9 214 1.94 .52 43
TESTB 36.9 21.4 1.94 .52 43
4.4ml TEST A 36.7 214 1.88 .53 44
TESTB 36.7 215 1.88 .53 H
4,8ml TEST A 36.6 21.5 1.96 .52 43
TESTB 36.6 215 1.94 .52 43
5.2ml TEST A 36.4 215 1.98 .51 42
TESTB 36.4 215 1.96 .52 43
5.6ml TEST A 36.2 21.5 1.92 .52 43
TESTB 36.2 215 1.94 52 43
6.0ml TEST A 36.1 215 1.96 .52 43
TESTB 36.1 21.5 1.94 .52 43
6.4ml TEST A 36.0 21.5 1.96 .52 43
TESTB 36.0 21.3 1.96 .32 43
6.8ml TEST A 359 21.6 1.96 .52 43
TESTB 359 21.6 1.94 .52 43
7.2mi TEST A 35.8 216 1.94 .52 43
TESTB 35.8 21.6 1.96 .52 43
7.6ml TEST A 35.7 216 1.98 51 42
TESTB 35.7 216 1.96 .52 43
8.0ml TEST A 356 21.7 2.02 .50 41
TESTB 35.6 21.7 1.98 51 42
8.4ml TEST A 355 21.7  2.00 .50 41
TESTB 35.5 21,7  2.02 .50 41
8.8ml TEST A 35.5 21.7 2.00 .50 41
TESTB 35.5 21.7 2.00 .50 41
9.2ml TEST A 355 217 2.02 .50 41
TESTB 355 21.7 2.03 49 40
9.6ml TEST A 35.5 217 1.98 51 42
TESTB 35.5 21.7  2.00 .50 41
10.0ml TEST A 35.5 21,7 202 .50 41
TESTB 355 21,7  2.00 .50 41



SAMPLE GROUP 2 -FAST RATE Bubble Surface
d/cm *C b/s Interval Age
Oml TEST A 72.7 213 433 23 14
4ml TEST A 622 212 534 .19 A1
TEST B 622 213 534 .19 A1
8ml TEST A 569 213 568 .18 .10
TESTB 56.9 212 568 .18 .10
1.2ml TEST A 541 213 589 .17 .09
TEST B 541 213 589 .17 .09
1.6mi TEST A 521 213 610 .16 .08
TESTB 521 213 610 .16 .08
2.0ml TEST A 505 213 629 .16 .08
TESTB 50.5 213 629 .16 .08
2.4ml TEST A 492 213 629 .16 .08
TEST B 492 213 629 .16 .08
2.8ml TEST A 482 213 629 .16 .08
TEST B 482 213 629 .16 .08
3.2ml TEST A 474 213 629 16 .08
TEST B 474 213 630 .16 08
3.6ml TEST A 466 213 648 .15 .08
TESTB 466 213 650 .15 .08
4.0ml TEST A 460 213 648 .15 .08
TESTB 460 213 650 .15 .08
4.4ml TEST A 454 213 650 .15 .08
TEST B 454 213 648 .15 .08
4.8mi TEST A 450 213 650 .15 .08
TESTB 450 213 650 .15 .08
5.2mi TEST A 447 214 653 .15 .08
TEST B 46 214 675 .15 .08
5.6ml TEST A 44 214 675 .15 .08
TEST B 444 214 675 .15 .08
6.0mi TEST A 441 214 675 .15 .08
TESTB 441 214 675 .15 .08
6.4ml TEST A 439 214 675 .15 .08
TESTB 439 214 675 .15 .08
6.8ml TEST A 43.7 214 701 .14 07
TESTB 43.7 214 670 .15 .08
7.2ml TEST A 434 214 675 .15 .08
TESTB 434 214 675 .15 .08
7.6ml TEST A 432 214 699 .14 07
TESTB 432 215 675 .15 08
8.0ml TEST A 430 215 699 .14 07
TESTB 430 215 675 .15 .08
8.4ml TEST A 428 215 675 .15 .08
TEST B 428 215 699 .14 07
8.8ml TEST A 2.7 216 677 .15 .08
TEST B 427 216 675 .15 .08
9.2ml TEST A 425 216 679 .15 .08
TEST B 425 216 699 .14 07
9.6ml TEST A 423 216 699 .14 07
TESTB 424 216 699 .14 .07
10.0mli TEST A 422 216 677 .15 .08
TESTB 422 216 672 .15 .08



Sample Group 2 - Fast Rate Continued

10.4mli

10.8ml

11.2

11.6ml

TEST A
TESTB
TEST A
TEST B
TEST A
TESTB
TEST A
TESTB

42.1
12.0
41.9
41.9
41.9
41.9
41.9
41.9

216
21.6
21.6
216
21.6
216
216
21.6

6.72
6.77
6.79
6.79
6.77
6.79
6.79
6.77

15
15
15
A5
15
A5
15
15

.08
.08
.08
.08
.08
.08
.08
.08



EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP 2

CONCEN. SURF. TEN B/SEC.
4ml 35.7 d/cm .29
.8mi 33.1 d/cm .30
1.2ml 31.8 d/cm .30
1.6mi 31.2 d/cm .30
2.0ml 30.9 d/cm .30
2.4ml 30.5d/cm .30
2.8ml 30.2 d/cm .30
3.2mi 30.1 d/cm .30
3.6mi 30.1 dcm .30
4.0mi 30.1 d/cm .30
4.4ml 30.1 d/em .30

4.8ml 30.1 d/cm .30
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Concentration in Moles/100ml H20



SAMPLE GROUP 4 - FAST RATE Bubble Surface

d/cm __ *C b/s Interval Age
Oml TEST A 72.6 22.0 4.32 23 14
Aml TEST A 67.5 22.0 4.93 .20 12
TESTB 67.4 22.0 4.93 .20 2
.8ml TEST A 65.3 220 492 .20 A2
TESTB 65.4 22.0 4.93 .20 2
1.2ml TEST A 64.1 22.0 4.92 .20 12
TESTB 64.1 22.1 4.92 .20 12
1.6mi TEST A 62.6 22.1 4.93 .20 12
TESTB 62.6 22.1 4.94 .20 12
2.0mil TEST A 61.4 22.1 4,93 .20 12
TESTB 61.4 22.1 493 .20 12
2.4ml TEST A 60.9 22.1 5.18 .19 11
TEST B 60.9 22.1 5.11 19 11
2.8mi TEST A 60.2 22.2 5.21 .19 1
TESTB 60.2 22.2 5.21 19 11
3.2mli TEST A 59.9 22.2 5.21 .19 11
TESTB 59.9 22.2 5.21 .19 11
3.6ml TEST A 59.2 222 5.21 .19 1
TESTB 59.2 22.2 5.21 .19 11
4.0ml TEST A 58.9 22.3 5.34 .19 11
TESTB 58.9 22.3 5.21 .19 11
4.4ml TEST A 58.2 22.3 5.20 .19 11
TEST B 58.2 22.3 5.21 .19 11
4.8ml TEST A 58.0 22.3 5.20 .19 1
TESTB 58.0 223 5.20 .19 A1
5.2ml TEST A 57.8 223 5.21 .19 11
TESTB 57.8 223 5.21 .19 11
5.6ml TEST A 57.3 223 5.31 .19 11
TEST B 573 22.3 5.21 .19 11
6.0ml TEST A 57.0 22.3 5.34 .19 1
TESTB 57.0 22.3 5.37 .19 11
6.4ml TEST A 56.8 22.4 5.36 .19 A1
TESTB 56.8 22.4 5.36 .19 1
6.8ml TEST A 56.4 22.3 5.38 .19 11
TESTB 56.5 22.4 5.38 19 11
7.2mi TEST A 56.1 22.4 5.38 .19 11
TESTB 56.1 22.4 5.38 .19 11
7.6ml TEST A 55.9 22.4 5.53 .18 .10
TESTB 55.9 22.4 5.53 .18 .10
8.0mi TEST A 55.4 22.4 5.53 .18 .10
TESTB 55.4 22.4 5.53 .18 .10
8.4ml TEST A 55.0 22.4 5.49 .18 .10
TESTB 55.1 22.4 5.49 .18 10
8.8mi TEST A 54.6 22.4 5.49 18 .10
TESTB 54.6 22.4 5.53 .18 .10
9.2mi TEST A 54.5 22.4 5.53 .18 .10
TESTB 544 22.4 5.53 18 .10
9.6ml TEST A 543 22.4 5.68 17 .09
TESTB - 542 22.4 5.68 17 .09
10.0ml TEST A 54.2 22.5 5.70 A7 .09

TEST B 542 225 570 A7 .09



Sample Group 4 - Fast Rate Continued

10.4ml

10.8mi

11.2mi

11.6mli

TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

53.9
53.9
53.8
53.8
53.8
53.8
53.8
53.8

225
225
225
225
225
225
225
225

5.69
5.69
5.71
5.69
5.69
5.69
5.69
5.69

17
A7
17
17
17
17
17
17

.09
.09
.09
.09
.09
09
.09
.09



EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP 4

CONC. SURF TEN. B/SEC.
4ml 40.2 24
.8ml 317 27
1.2ml 35.7 .28
1.6mil 34.1 .30
2.0mi 33.0 .30
2.4ml 326 32
2.8mi 320 33
3.2ml 31.7 33
3.6ml 313 .33
4.0mi 30.9 33
4.4ml 30.7 32
4.8ml 30.5 31
5.2ml 30.4 31
5.6mi 30.4 31

6.0mi 30.4 31
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SAMPLE GROUP S - SLOWEST RATE
HWI: 6310-105 Test Material: A12 EO23 (Brij-35)

Bubble Surface

d/cm __ *C b/s Interval Age

Oml TEST A 72.3 23.9 .15 6.66 6.39
4mli TEST A 47.6 239 17 5.88 5.62
TESTB 476 23.9 17 5.88 5.62

.8ml TEST A 452 23.9 17 5.88 5.62
TESTB 453 23.9 17 5.88 5.62

1.2ml TEST A 444 23.9 17 5.88 5.62
TESTB 44 .4 239 17 5.88 5.62

1.6ml TEST A 440 23.9 17 5.88 5.62
TESTB 440 23.9 17 5.88 5.62

2.0ml TEST A 43.7 239 A7 5.88 5.62
TESTB 43.7 23.9 17 5.88 5.62

2.4ml TEST A 435 23.9 17 5.88 5.62
TESTB 43.5 239 17 5.88 5.62

2.8ml TEST A 434 239 17 5.88 5.62
TESTB 434 23.9 17 5.88 5.62

3.2ml TEST A 433 23.9 17 5.88 5.62
TEST B 433 23.9 17 5.88 5.62

3.6ml TEST A 43.3 239 17 5.88 5.62
TESTB 433 23.9 17 5.88 5.62

4.0mli TEST A 43.3 239 17 5.88 5.62

TESTB 433 23.9 17 5.88 5.62



SAMPLE GROUP § - SLOW RATE Bubble Surface
d/cm __ *C b/s Intenal Age
Oml additive TEST A 73.0 19.0 24 4.16 3.95
.4ml additive TEST A 49.0 19.6 37 2.70 2.44
TESTB 49.1 19.6 37 2.70 2.44
.8ml addititve = TEST A 46.6 19.8 .37 2.70 2.44
TESTB 46.7 19.8 37 2.70 2.44
1.2ml additive TEST A 46.3 20.1 .38 2.63 2.43
TESTB 46.3 20.1 .38 2.63 2.43
1.6ml additive TEST A 46.2 20.2 .38 2.63 2.43
TESTB 46.1 20.2 .38 2.63 2.43
2.0ml additive TEST A 46.1 20.3 38 2.63 2.43
TESTB 46.0 20.3 .38 2.63 2.43
2.4ml additive TEST A 46.0 20.2 .38 2.63 2.43
TESTB 46.0 20.2 .38 2.63 2.43
2.8ml additive TEST A 459 20.3 .38 2.63 2.43
TESTB 459 203 .38 2.63 2.43
3.2ml additive TEST A 45.8 20.3 38 2.63 2.43
TESTB 45.8 20.3 .38 2.63 2.43
3.6ml additive TEST A 45.8 20.3 .38 2.63 2.45
TESTB 45.7 20.3 .38 2.63 2.43
4.0ml additive TEST A 45.6 20.3 .38 2.63 2.43
TESTB 45.6 20.3 .38 2.63 2.43
4.4ml additive TEST A 45.5 20.3 38 2.63 2.43
TESTB 45.5 20.3 .38 2.63 2.43
4.8ml additive TEST A 45.5 20.3 38 2.63 2.43
TESTB 454 20.3 .38 2.63 2.43
5.2ml additive TEST A 454 20.3 .38 2.63 2.43
TESTB 454 20.3 .38 2.63 2.43
5.6ml additive = TEST A 454 20.4 38 2.63 2.43
TESTB 45.4 20.4 .38 2.63 2.43
6.0ml additive TEST A 45.4 20.4 .38 2.63 2.43
TESTB 454 20.4 38 2.63 2.43



SAMPLE GROUP 5 - MED RATE Bubble Surface
d/cm _ *C b/s Interval Age
Oml TEST A 72.7 21.0 1.01 .99 .86
4mi TEST A 50.5 21.0 1.21 .83 al
TESTB 50.5 21.0 1.21 .83 71
Smi TEST A 48.4 21.0 1.23 81 .69
TESTB 48.4 21.0 1.24 .81 .69
1.2ml TEST A 47.6 21.0 1.24 81 .69
TESTB 476 21.0 1.26 .79 .68
1.6mi TEST A 473 21.0 1.26 .79 .68
TESTB 473 21.0 1.26 .79 .68
2.0ml TEST A 47.0 21.0 1.29 .78 .67
TEST B 47.0 21.0 1.26 .79 .68
2.4mi TEST A 46.9 21.1 1.26 .79 68
TESTB 46.9 21.1 1.26 .79 .68
2.8ml TEST A 46.8 21.2 1.26 .79 .68
TESTB 46.8 21.2 1.26 .79 .68
3.2ml TEST A 46.7 21.2 1.26 .79 .68
TEST B 46.7 21.2 1.26 .79 .68
3.6mi TEST A 46.6 21.2 1.27 .79 .68
TEST A 46.6 21.2 1.26 .79 .68
4.0ml TEST A 46.5 21.2 1.27 .79 .68
TESTB 46.5 21.2 1.27 .79 .68
4.4mi TEST A 46.5 21.2 1.27 .79 .68
TEST B 46.5 21.2 1.27 .79 .68
4.8ml TEST A 46.4 21.2 1.27 .79 .68
TESTB 46.4 21.2 1.27 .79 .68
5.2ml TEST A 46.4 21.2 1.29 .78 .67
TEST B 46.4 21.2 1.27 .79 .68
5.6ml TEST A 46.4 21.2 1.29 .78 .67
TESTB 46.4 21.2 1.31 .76 65
6.0ml TEST A 46.4 21.2 1.29 .78 .67
TESTB 46.4 21.2 1.29 .78 67



SAMPLE GROUP 5 - FAST RATE Bubble Surface
d/cm___ *C b/s Intennal Age

Omi TEST A 725 223 433 23 14
4ml TEST A 524 223 569 .18 .10
TESTB 524 223 569 .18 .10
3mi TEST A 499 223 589 .17 .09
TESTB 499 223 589 .17 09
1.2mi TEST A 490 223 587 .17 09
TESTB 490 223 587 .17 .09
1.6mi TEST A 485 223 607 .16 .08
TESTB 485 224 629 .16 .08
2.0mli TEST A 481 224 629 .16 08
TESTB 481 224 629 .16 08
2.4ml TEST A 478 225 629 .16 08
TESTB 478 225 629 .16 .08
2.8mi TEST A 476 226 629 .16 08
TESTB 476 226 629 .16 .08
3.2ml TEST A 475 226 628 .16 08
TESTB 474 226 629 .16 .08
3.6ml TEST A 473 226 629 .16 08
TEST B 472 226 629 .16 08
4.0mi TEST A 471 226 629 .16 08
TESTB 471 226 629 .16 08
4.4mi TEST A 470 226 629 .16 08
TEST B 470 226 629 .16 08
4.8mi TEST A 469 226 629 .16 08
TESTB 469 226 629 .16 .08
5.2ml TEST A 468 226 629 .16 08
TEST B 468 226 629 .16 .08
5.6mi TEST A 468 226 629 .16 08
, TESTB 468 226 629 .16 .08
6.0ml TEST A 467 227 629 .16 08
TESTB 467 227 629 .16 .08
6.4ml TEST A 467 227 629 .16 08
TESTB 166 228 629 .16 .08
6.8ml TEST A 166 228 629 .16 08
TESTB 465 228 629 .16 08
7.2ml TEST A 465 228 629 .16 08
TEST B 465 228 629 .16 .08
7.6ml TEST A 465 228 629 .16 08
TESTB 465 228 629 .16 08
8.0mi TEST A 465 229 629 .16 .08
TESTB 465 229 629 .16 08



EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP §

CONCEN. SURF. TEN B/SEC.
4mi 47.6 d/cm 17
.8ml 45.2 d/cm 17
1.2mi 44 4 d/cm 17
1.6mi 44.0 d/cm 17
2.0mi 43.7 d/cm 17
2.4ml 43.5 d/cm 17
2.8ml 43.4d/cm 17
3.2ml 43.3 d/cm 17
3.2mil 43.3 d/cm 17
3.6ml 43.3 d/cm 17
4.0ml 43.3 d/cm 17
4.4ml 43.3 d/cm 17

4.8mi 43.3 d/cm 17
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SAMPLE GROUP 6 - SLOWEST RATE
HWI: 6310-105 Test Material: Nonylphenol - E09.5 (Triton N101)

Bubble Surface

d/cm _ *C b/s Interval Age

Oml TEST A 722 243 .14 7.14 692
Aml TEST A 359 243 .24 416  3.95
TESTB 358 243 .24 416  3.95

8mi TEST A 337 242 .24 4.16  3.95
TESTB 337 242 .24 416  3.95

1.2ml TEST A 331 242 .23 434 412
TESTB 330 242 22 455 432

1.6mi TEST A 328 241 .22 455 432
TEST B 328 241 22 455 432

2.0ml TEST A 326 240 .22 455 432
TESTB 326 240 .22 455 432

2.4ml TEST A 325 240 .22 155 432
TEST B 325 239 .22 455 432

2.8ml TEST A 324 239 .22 455 432
TESTB 324 239 .22 455 432

3.2ml TEST A 324 239 .22 455 432
TESTB 324 239 22 455 432

3.6ml TEST A 324 239 22 155 432
TESTB 324 239 .22 455 432

4.0mi TEST A 324 239 22 455 432

TESTB 324 239 22 4.55 4.32



SAMPLE GROUP 6 - SLOW RATE

Oml additive
.4ml additive

.8ml additive

1.2ml additive
1.6ml additive
2.0ml additive
2.4ml additive
2.8ml additive
3.2ml additive
3.6ml additive
4.0ml additive
4.4ml additive

4.8ml additive

TEST A
TEST A
TEST B
TEST A
TEST B
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TEST B

Bubble Surface
d/cm _ *C b/s Interval Age
72.8 20.2 24 4.16 3.95
37.7 20.4 49 2.04 2.48
37.7 20.4 .53 1.88 1.71
35.1 20.4 .53 1.88 1.71
35.1 20.4 .53 1.88 1.71
33.9 20.4 .53 1.88 1.71
33.9 20.4 .53 1.88 1.71
33.4 204 .53 1.88 1.71
33.4 20.4 .53 1.88 1.71
33.1 20.5 .53 1.88 1.71
33.1 20.5 54 1.85 1.68
329 20.5 .53 1.88 1.71
32.9 20.5 .53 1.88 1.71
328 20.5 .53 1.88 1.71
328 20.5 .53 1.88 1.71
327 20.5 53 1.88 1.71
32.6 20.5 54 1.85 1.68
326 20.6 53 1.88 1.71
325 20.6 .53 1.88 1.71
32.5 20.7 .33 1.88 1.71
325 20.8 .53 1.88 1.71
325 20.9 .54 1.85 1.68
325 20.9 33 1.88 1.71
325 20.9 53 1.88 1.71
325 20.9 .54 1.85 1.68



SAMPLE GROUP 6 - MED RATE Bubble Surface
d/cm *C b/s Interval Age
Oml TEST A 72.7 21.0 .97 1.03 .90
4mi TEST A 42.5 21.0 1.53 .65 .56
TESTB 42.5 21.0 1.54 .65 .56
.8ml TEST A 37.2 210 1.60 .63 54
TESTB 373 21.0 1.60 .63 54
1.2mi TEST A 35.8 21.0 1.66 .60 Sl
TESTB 35.8 21.0 1.64 .61 .52
1.6mi TEST A 35.2 210 1.68 .59 .50
TEST B 35.2 21.0 1.64 .61 .52
2.0ml TEST A 349 21.1 1.68 .59 .50
TESTB 349 21.1 1.68 .59 .50
2.4ml TEST A 34.6 21.1 1.67 .60 51
TESTB 347 21.1 1.67 .60 51
2.8ml TEST A 345 21.1 1.67 .60 S1
TESTB 345 21.1 1.68 .59 .50
3.2ml TEST A 344 21.1 1.70 .59 .50
TESTB 344 21.1 1.69 .59 .50
3.6ml TEST A 343 21.2 1.69 .59 .50
TESTB 343 21.2 1.70 .59 .50
4.0ml TEST A 342 21.2 1.70 .59 .50
TESTB 34.2 212 1.70 .59 .50
4.4ml TEST A 34.1 212 1.70 .59 .50
TESTB 341 21.2 1.70 .59 .50
4.8ml TEST A 34.0 21.2 1.72 .58 49
TESTB 34.0 21.2 1.74 .57 48
5.2mi TEST A 340 212 1.74 .57 48
TESTB 340 21.2 1.74 .57 48
5.6ml TEST A 33.9 21.2 1.72 .58 49
TESTB 33.9 212 1.74 .57 48
6.0ml TEST A 33.9 21.2 1.74 .57 48
TESTB 33.9 21.2 1.74 .57 48
6.4mil TEST A 339 21.2 1.74 .57 48
TESTB 33.8 21.2 1.72 .58 49
6.8ml TEST A 33.8 21.2 1.72 .58 49
TESTB 33.8 21.2 1.72 .58 49
7.2mi TEST A 33.8 21.2 1.72 .58 49
TEST B 33.8 21.2 1.74 .57 48
7.6ml TEST A 33.8 21.2 1.72 58 49
TEST B 33.8 21.2 1.72 .58 49
8.0ml TEST A 33.8 21.2 1.72 .58 49
TESTB 33.8 212 1.72 .58 49



SAMPLE GROUP 6 - FAST RATE Bubble Surface
dcm __*C b/s Intenval Age
Omi TEST A 72.5 22.5 4.33 23 14
4mil TEST A 51.8 22.5 5.89 17 .09
TESTB 51.8 22.5 5.89 17 .09
.8ml TEST A 445 22.5 6.24 .16 .08
TESTB 445 22.6 6.20 .16 .08
.1.2ml TEST A 40.5 22,6 6.50 15 .08
TESTB 40.5 22.6 6.50 .15 .08
1.6mi TEST A 38.8 22,6 6.75 15 .08
TESTB 388 226 6.77 .15 .08
2.0mi TEST A 37.9 22.6 6.99 .14 .07
TESTB 379 22.6 6.97 .14 .07
2.4ml TEST A 37.4 22,6 6.99 14 .07
TESTB 374 22.7 6.99 14 .07
2.8ml TEST A 37.0 22.7 6.99 14 .07
TESTB 37.0 22.7 6.99 14 .07
3.2mi TEST A 36.8 22.7 6.99 14 .07
TESTB 36.8 22.7 6.99 14 .07
3.6ml TEST A 36.5 228 6.99 14 .07
TESTB 36.5 22.8 6.99 14 .07
4.0mi TEST A 36.3 22.8 6.99 14 .07
TESTB 36.3 22.8 6.99 14 .07
4.4ml TEST A 36.2 22.8 6.99 .14 .07
TESTB 36.2 228 6.99 14 .07
4.8ml TEST A 36.0 2238 6.99 14 .07
TESTB 36.0 228 6.99 14 .07
5.2ml TEST A 359 22.8 6.99 14 .07
TESTB 35.9 22.8 6.99 14 .07
5.6ml TEST A 35.9 22.8 6.99 14 .07
TESTB 359 2238 6.99 14 .07
6.0mli TEST A 35.8 229  6.99 14 .07
TESTB 358 229 6.99 14 .07
6.4ml TEST A 358 229 6.99 14 .07
TESTB 35.7 229 6.99 14 .07
6.8mi TEST A 35.7 229  6.99 14 .07
TESTB 35.7 229 6.99 14 .07
7.2ml TEST A 356 229  6.99 14 .07
TESTB 356 229 6.99 14 .07
7.6ml TEST A 356 229 6.99 14 .07
TESTB 356 229 6.99 14 .07
8.0ml TEST A 356 229 6.99 14 .07
TESTB 356 22.9 6.99 14 .07



EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP 6

CONCEN. SURF. TEN B/SEC.
Aml 35.8 d/cm .24
.8mli 33.7 d/cm .24
1.2mi 33.0d/cm 23
1.6mli 32.8d/cm 22
2.0ml 32.6 d/cm 22
2.4mi 32.5d/cm 22
2.8ml 32.4d/cm 22
3.2mi 32.4d/cm 22
3.6ml 32.4d/cm 22
4.0ml 32.4d/cm 22
4.4ml 32.4d/cm 22

4.8ml 32.4d/cm 22
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SAMPLE GROUP 7 - SLOWEST RATE
HWI: 6310-105 Test Material: Sorbitan Oleate -E20 (Tween 85)

Bubble Surface

d/em __ *C b/s Interval Age

Omi TESTA 73.0 190 .10 10.00 9.90
4mli TEST A 66.8 19.5 12 833 8.16
TESTB 66.8 196 .12 8.33 8.16

.8ml TEST A 65.0 196 .12 833 8.16
TESTB 65.0 19.6 12 8.33 8.16

1.2ml TEST A 644 19.7 .13 7.69 7.46
TESTB 64.4 19.7 .13 7.69 7.46

1.6mi TEST A 60.6 19.7 .13 7.69 7.46
TESTB 60.6 19.8 .14 7.14 6.93

2.0ml TEST A 60.2 198 .14 7.14 6.93
TESTB 60.2 19.8 14 7.14 6.93

2.4ml TEST A 61.3 19.8 15 6.66 6.39
TESTB 613 199 .15 6.66 6.39

2.8ml TEST A 60.6 19.9 15 6.66 6.39
TESTB 60.6 19.9 14 7.14 6.93

3.2ml TEST A 60.2 199 .14 7.14 6.93
TESTB 60.2 19.9 .14 7.14 6.93

3.6ml TEST A 59.4 200 .14 714  6.93
TESTB 59.4 200 .14 714 693

4.0ml TEST A 59.0 200 .14 7.14 6.93
TESTB 59.0 20.0 .14 7.14 6.93

4.4mli TEST A 385 200 .14 7.14 6.93
TESTB 58.5 20.0 .14 7.14 6.93

4.8mi TEST A 58.1 20.0 14 714 6.93
TESTB 58.1 20.0 14 7.14 6.93

5.2mi TEST A 57.6 20.0 .14 7.14 6.93
TESTB 57.6 20.0 .14 7.14 6.93

5.6ml TEST A 57.0 200 .14 7.14 6.93
TESTB 57.0 200 .14 714 693

6.0ml TEST A 56.6 200 .14 7.14 6.93
TESTB 56.6 20.0 14 7.14 6.93

6.4mi TEST A 56.1 19.9 .14 7.14 6.93
TESTB 56.1 199 .14 7.14 693

6.8ml TEST A 55.7 20.0 14 7.14 6.93
TESTB 55.7 200 .14 7.14  6.93

7.2mil TEST A 55.2 200 .14 7.14 693
TESTB 55.2 200 .14 7.14  6.93

7.6mil TEST A 548 20.0 14 7.14 6.93
TESTB 548 20.0 14 714 693

8.0ml TEST A 544 20.0 .14 7.14 6.93
TESTB 544 200 .14 714 693

8.4mil TEST A 54.1 20.0 14 7.14 6.93
TESTB 54.1 20.0 14 7.14 6.93

8.8ml TEST A 53.6 20.0 14 7.14 6.93
TESTB 53.6 20.0 14 7.14 693

9.2ml TEST A 53.4 20.0 .14 7_.44 6.93
TESTB 53.4 20.0 RE: 714 6.93

9.6ml TESTA 53.0 199 .14 7.14  6.93

TESTB 53.0 199 .14 714 693



Sample Group 7 - Slowest Rate Continued

10.0ml TEST A 52.7 20.0 14 7.14 693
TESTB 52.7 20.0 14 714 693
10.4ml TEST A 52.4 20.0 14 7.14 693
TESTB 52.4 20.0 14 714 6.93
10.8ml TEST A 52.3 20.0 A4 7.14 693
TESTB 523 20.0 14 7.14 693
11.2mil TEST A 522 20.0 14 714 6.93
TESTB 52.2 20.0 .14 7.14 693
11.6ml TEST A 52.1 200 .14 7.14 693
TESTB S2.1 200 .14 7.14 693
12.0ml TEST A 52.1 200 .14 7.14 693
TESTB 52.1 20.0 14 7.14 693
12.4ml TEST A 52.1 20.0 14 7.14 693

TESTB 52.1 200 .14 714 693



S~

SAMPLE GROUP 7 - SLOW RATE

Oml additive
.4ml additive

.8ml additive

1.2ml additive
1.6ml additive
2.0ml additive
2.4ml additive
2.8ml additive
3.2ml additive
3.6ml additve

4.0ml additive
4.4ml additive
4.8ml additive
5.2ml additive
5.6ml additive
6.0ml additive
6.4ml additive
6.8ml additive
7.2ml additive
7.6ml additive
8.0ml additive
8.4ml additive
8.8ml additive
9.2ml additive

9.6ml additive

TEST A
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

Bubble Surface

*C b/s Interval Age
72.8 20.1 .24 4.16 3.95
67.5 21.3 .19 5.26 5.02
67.5 21.3 .19 5.26 5.02
66.0 21.3 .19 5.26 5.02
66.0 21.3 .19 5.26 5.02
65.2 21.4 .19 5.26 5.02
65.2 21.4 .19 5.26 5.02
64.3 214 .19 5.26 5.02
64.3 21.4 .19 5.26 5.02
63.6 215 .19 5.26 5.02
63.6 215 .19 5.26 5.02
63.0 215 .19 5.26 5.02
63.0 215 .19 5.26 5.02
62.3 21.5 .19 5.26 5.02
62.3 21.5 .19 5.26 5.02
61.7 215 .19 5.26 5.02
61.7 215 .19 5.26 5.02
61.2 21.6 .19 5.26 5.02
61.2 21.6 .19 5.26 5.02
60.6 21.6 .19 5.26 5.02
60.6 21.6 .19 5.26 5.02
59.4 21.7 .19 5.26 5.02
59.4 21.7 .19 5.26 5.02
59.0 21.7 .19 5.26 5.02
59.0 21.8 .19 5.26 5.02
58.6 21.8 .19 5.26 5.02
58.6 218 .19 5.26 5.02
58.0 21.8 .19 5.26 5.02
58.0 218 .19 5.26 5.02
57.5 219 .19 5.26 5.02
57.5 219 .19 5.26 5.02
57.1 22.0 .19 5.26 5.02
57.1 22.0 19 5.26 5.02
56.7 22.0 .19 5.26 5.02
56.7 22.0 .19 5.26 5.02
56.3 22.0 .19 5.26 5.02
56.3 220 .19 5.26 5.02
55.9 220 .19 5.26 5.02
559 22.1 .19 5.26 5.02
554 22.1 .19 5.26 5.02
554 22.1 .19 5.26 5.02
55.1 222 .19 5.26 5.02
55.1 22.2 .19 5.26 5.02
548 22.2 .19 5.26 5.02
54.8 22.2 .19 5.26 5.02
544 22.2 .19 5.26 5.02
544 22.2 .19 5.26 5.02
54.0 22.2 .19 5.26 5.02
540 22.2 .19 5.26 5.02



Sample Group 7 - Slow Rate Continued

10.0ml additive
10.4ml additive
10.8ml additive
11.2ml additive
11.6ml additive
12.0ml additive
12.4ml additive
12.8ml additive
13.2ml additive
13.6ml additive

14.0ml additive

TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

53.7
537
53.4
53.4
53.2
53.2
53.0
53.0
526
52.6
52.4
52.4
523
523
523
523
522
52.2
522
522
52.2
52.2

222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222

19
.19
.19
.19
19
.19
19
.19
19
19
19
19
19
.19
19
19
19
.19
19
.19
19
19

5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26

5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02
5.02



SAMPLE GROUP 7 - MED RATE Bubble Surface
d/cm __ *C b/s Interval Age
Omi TEST A 72.7 21.2 .83 1.20 1.06
4mli TEST A 71.6 21.1 .80 1.25 1.10
TESTB 71.6 21.1 .80 1.25 1.10
.8ml TEST A 70.6 21.2 81 1.23 1.08
TESTB 70.6 21.2 .81 1.23 1.08
1.2ml TEST A 70.1 21.2 .82 1.22 1.07
TESTB 70.1 21.2 .83 1.20 1.06
1.6ml TEST A 69.6 21.2 .82 1.22 1.07
TESTB 69.6 21.2 .81 1.23 1.08
2.0mli TEST A 68.9 21.2 .83 1.20 1.06
TESTB 68.9 21.3 .81 1.23 1.08
2.4ml TEST A 67.8 213 .81 1.23 1.08
TESTB 67.8 21.3 .81 1.23 1.08
2.8mi TEST A 67.4 213 .81 1.23 1.08
TESTB 67.4 213 .81 1.23 1.08
3.2ml TEST A 67.0 21.3 .80 1.25 1.10
TESTB 67.0 213 .81 1.23 1.08
3.6ml TEST A 66.5 214 .82 1.22 1.07
TESTB 66.5 214 .81 1.23 1.08
4.0ml TEST A 66.2 214 .82 1.22 1.07
TESTB 66.2 21.5 .82 1.22 1.07
4.4ml TEST A 65.7 215 .82 1.22 1.07
TESTB 65.7 215 .82 1.22 1.07
4.8ml TEST A 65.4 215 .82 1.22 1.07
TESTB 65.4 21.5 .84 1.19 1.04
5.2ml TEST A 65.0 215 84 1.19 1.04
TESTB 65.0 215 .84 1.19 1.04
5.6ml TEST A 64.7 21.5 .84 1.19 1.04
TESTB 64.7 21.5 .83 1.20 1.06
6.0ml TEST A 64.5 215 .83 1.20 1.06
TESTB 64.5 215 84 1.19 1.04
6.4mi TEST A 64.1 21.5 .83 1.20 1.06
TESTB 64.1 21.5 .84 1.19 1.04
6.8ml TEST A 63.8 21.5 .84 1.19 1.04
TESTB 63.8 21.5 .83 1.20 1.06
7.2ml TEST A 63.4 215 .82 1.22 1.07
TESTB 63.4 215 .84 1.19 1.04
7.6mil TEST A 63.1 21.5 .84 1.19 1.04
TESTB 63.1 215 .83 1.20 1.06
8.0mi TEST A 62.8 215 84 1.19 1.04
TESTB 62.8 21.5 .83 1.18 1.03
8.4ml TEST A 62.5 21.5 .85 1.18 1.03
TESTB 62.5 21.5 .83 1.20 1.06
8.8ml TEST A 62.3 215 .85 1.18 1.03
TESTB 62.3 21.5 .85 1.18 1.03
9.2ml TEST A 62.1 215 85 1.18 1.03
TESTB 62.1 21.5 .85 1.18 1.03
9.6ml TEST A 61.8 215 .84 1.19 1.04
TESTB 61.8 21.5 .83 1.20 1.06
10.0mi TEST A 61.6 215 .85 1.18 1.03
TESTB 61.6 215 .85 1.18 1.03



Sample Group 7 - Medium Rate Continued

10.4mi TEST A 61.4 215 .84 1.19 1.04
TESTB 61.4 21.5 .85 1.18 1.03
10.8mi TEST A 61.1 21.5 .85 1.18 1.03
TESTB 61.1 215 .85 1.18 1.03
11.2ml TEST A 60.8 215 84 1.19 1.04
TESTB 60.8 215 .85 1.18 1.03
11.6ml TEST A 60.5 215 .85 1.18 1.03
TESTB 60.5 215 .85 1.18 1.03
12.0ml TEST A 60.1 215 .85 1.18 1.03
TESTB 60.1 215 .85 1.18 1.03
12.4ml TEST A 59.9 215 85 1.18 1.03
TESTB 59.9 215 .85 1.18 1.03
12.8ml TEST A 59.7 215 .84 1.19 1.04
TESTB 59.7 215 .85 1.18 1.03
13.2ml TEST A 59.4 215 .85 1.18 1.03
TEST B 59.4 215 .85 1.18 1.03
13.6ml TEST A 59.2 215 .84 1.19 1.04
TEST B 59.2 215 .85 1.18 1.03
14.0ml TEST A 59.1 215 .85 1.18 1.03
TESTB 59.1 215 .85 1.18 1.03
14.4ml TEST A 59.0 21.5 .85 1.18 1.03
TESTB 58.9 215 .85 1.18 1.03
14.8ml TEST A 587 215 .84 1.19 1.04
TESTB 58.7 215 .85 1.18 1.03
15.2mi TEST A 58.5 21.5 .85 1.18 1.03
TEST B 584 215 .85 1.18 1.03
15.6mi TEST A 583 215 .84 1.19 1.04
TESTB 583 215 .85 1.18 1.03
16.0ml TEST A 583 215 .85 1.18 1.03
TESTB 583 215 .85 1.18 1.03
16.4ml TEST A 583 215 .85 1.18 1.03

TESTB 583 21.5 .85 1.18 1.03



SAMPLE GROUP 7 - FAST RATE Bubble Surface

d/cm *C b/s Intennal Agc

Oml TEST A 730 190 395 .25 .16
4ml TEST A 724 194 395 25 16
TESTB 724 194 395 25 .16

8ml TEST A 722 195 397 25 16
TEST B 722 195 397 .25 16

1.2mi TEST A 720 195 397 .25 .16
TEST B 720 195 397 .25 .16

1.6ml TEST A 718 197 395 25 .16
TEST A 718 197 395 .25 16

2.0mi TEST A 717 199 395 .25 .16
TEST B 77 199 397 25 .16

2.4ml TEST A 716 200 395 .25 .16
TESTB 716 200 395 25 .16

2.8ml TEST A 715 200 397 .25 .16
TESTB 715 201 395 25 16

3.2ml TEST A 713 201 395 25 16
TEST B 7.3 202 395 .25 .16

3.6ml TEST A 712 202 397 .25 16
TESTB 71.1 202 397 25 16

4.0ml TEST A 710 202 395 25 16
TEST B 710 202 395 .25 .16

4.4ml TEST A 710 202 39 .25 .16
TEST B 710 202 397 .25 .16

4.8mi TEST A 709 203 395 .25 16
TEST B 708 203 397 .25 .16

5.2ml TEST A 70.8 203 397 .25 .16
TEST B 708 204 397 .25 .16

5.6ml TEST A 70.7 204 397 .25 .16
TEST B 707 205 397 .25 16

6.0ml TEST A 706 205 396 .25 16
TESTB 706 205 397 25 16

6.4ml TEST A 70.5 206 395 .25 16
TESTB 704 206 395 .25 16

6.8ml TEST A 70.4 206 395 .25 16
TEST B 704 207 397 .25 .16

7.2ml TEST A 703 207 397 .25 .16
TESTB 702 207 397 .25 16

7.6ml TEST A 702 208 397 .25 16
TESTB 702 208 397 25 .16

8.0ml TEST A 702 208 396 .25 .16
TESTB 70.1 208 397 .25 .16

8.4ml TEST A 700 208 395 .25 16
TEST B 700 208 395 .25 16

8.8ml TEST A 699 208 397 .25 16
TESTB 699 209 396 .25 16

92ml (Y TESTA 69.8 209 395 .25 16
¢ TESTB 69.8 209 395 25 .16

9.6ml TEST A 698 209 395 .25 .16
TESTB 698 209 397 .25 .16

10.0ml TEST A 698 209 39 .25 .16

TESTB 69.8 209 397 25 .16



EQUILIBRIUM SURFACE TENSIONS
SAMPLE GROUP 7

CONCEN. SURF. TEN. B/SEC.
4mi 66.8 d/cm 12
.8mi 65.0 d/cm 12
1.2ml 64.4 d/cm 12
1.6ml 64.0 d/cm A3
2.0ml 63.4 d/cm .14
2.4mi 62.8 d/cm 15
2.8ml 62.0 d/cm .14
3.2mi 61.3 d/cm 14
3.6ml 60.6 d/cm 14
4.0ml 60.2 d/xm .14
4.4mi 59.4 d/cm 14
4.8ml 59.0 d/cm 14
5.2mi 58.5d/cm 14
5.6ml 58.1 d/cm 14
6.0ml 57.6 d/cm 14
6.4mli 57.0 d/cm 14
6.8ml 56.6 d/cm 14
7.2mi 56.1 d/cm .14
7.6ml 55.7 d/cm 14
8.0mi 55.2 d/cm 14
8.4ml 54.8 d/cm .14
8.8mi 54.4d/cm .14
9.2ml 54.1d/cm .14
9.6ml 53.6 d/cm 14
10.0ml 53.4d/cm 14
10.4ml 53.0 d/cm .14
10.8ml 52.7 d/cm 14
11.2mi 52.4d/cm 14
11.6ml 52.3 d/cm 14
12.0mli 52.2d/cm 14
12.4mi 52.1d/cm 14
12.8ml 52.1 d/cm 14

13.2mi 52.1d/cm .14
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SAMPLE GROUP 8 - SLOWEST RATE
HWI: 6310-105 Test Material: A12-16 Glucose 1.6 (Glucopon 625CS)

Bubble Surfacc

d/cm___ *C b/s Interval Age

Oml TEST A 72.9 20.3 .10 10.00 9.90
4ml TEST A 453 20.3 .18 5.55 5.30
TESTB 45.2 20.3 .18 5.55 5.30

.8mi TEST A 40.1 20.3 22 4.55 4.32
TESTB 40.1 20.3 22 4.55 4.32

1.2mi TEST A 37.7 20.3 24 4.16 3.95
TESTB 37.7 20.3 24 4.16 3.95

1.6ml TEST A 36.0 20.3 .26 3.85 3.66
TESTB 36.0 20.3 .27 3.70 3.51

2.0mi TEST A 344 20.3 27 3.70 3.51
TEST B 344 20.3 27 3.70 3.51

2.4mi TEST A 33.4 20.3 27 3.70 3.51
TESTB 33.4 20.3 .27 3.70 3.51

2.8mli TEST A 33.1 20.4 .27 3.70 3.51
TESTB 33.1 20.4 .27 3.70 3.51

3.2ml TEST A 325 20.4 27 3.70 3.51
TESTB 325 20.4 27 3.70 3.51

3.6mi TESTA 323 20.4 27 3.70 3.51
TESTB 323 20.4 .27 3.70 3.51

4.0ml TEST A 31.9 20.4 .27 3.70 3.51
TESTB 31.8 20.4 27 3.70 3.51

4.4mli TEST A 31.6 20.4 27 3.70 3.51
TEST B 31.6 20.4 .27 3.70 3.51

4.8ml TEST A 31.4 20.4 27 3.70 3.51
TESTB 314 20.4 27 3.70 3.51

5.2ml TEST A 31.2 204 27 3.70 3.51
TESTB 31.2 20.4 .26 3.85 3.66

5.6ml TEST A 30.8 20.5 .26 3.85 3.66
TESTB 30.8 20.5 .26 3.85 3.66

6.0ml TEST A 30.8 20.5 .26 3.85 3.66
TESTB 30.8 20.5 .26 3.85 3.66

6.4ml TEST A 30.8 20.5 .26 3.85 3.66
TESTB 30.8 20.5 .26 3.85 3.66

6.8ml TEST A 30.8 20.5 .26 3.85 3.66

TESTB 30.8 205 .26 3.85 3.66



SAMPLE GROUP 8 - SLOW RATE

Oml additive
.4ml additive

.8ml additive

1.2mli additive

1.6ml additive

2.0ml additive

2.4ml additive

2.8ml additive

3.2ml additive

3.6ml additive

4.0ml additive

4.4ml additive

4.8mli additive

5.2ml additive

5.6ml addtive

6.0ml additive

6.4ml additive

6.8ml

7.2ml

7.6ml

8.0mi

8.4ml

8.8ml

9.2mi

9.6mi

TEST A
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TEST B
TESTA
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TEST.B

Bubble Surface
d/cem___ *C b/s Interval Age
72.6 22.1 .23 434 4.12
54.0 22.3 32 3.12 2.90
54.0 22.3 32 3.12 2.90
49.8 22.3 .38 2.63 2.43
49.8 224 .38 2.63 2.43
45.8 22.5 43 2.32 2.11
45.8 22.5 43 2.32 2.11
43.0 22.5 .50 2.00 1.82
43.0 22.5 .50 2.00 1.82
40.8 22.6 .52 1.92 1.75
40.8 22.6 53 1.88 1.71
39.2 22.7 .50 2.00 1.82
39.2 22.7 .52 1.92 1.75
38.0 22.8 .32 1.92 1.75
38.0 22.8 .52 1.92 1.75
37.1 22.8 32 1.92 1.75
37.1 22.8 .52 1.92 1.75
36.5 229 .52 1.92 1.75
36.5 229 33 1.88 1.71
359 22.8 .52 1.92 1.75
359 229 .53 1.88 1.71
355 22.9 .53 1.88 1.71
355 229 53 1.88 1.71
35.2 229 33 1.88 1.71
35.2 229 .33 1.88 1.71
349 229 .53 1.88 1.71
349 229 .53 1.88 1.71
346 22.9 .53 1.88 1.71
346 22.9 .53 1.88 1.71
344 22.9 53 1.88 1.71
344 229 .53 1.88 1.71
342 229 53 1.88 1.71
342 22.9 .53 1.88 1.71
34.1 22.9 .53 1.88 1.71
34.1 229 53 1.88 1.71
34.0 229 .53 1.88 1.71
34.0 22.9 .53 1.88 1.71
339 22.9 54 1.85 1.68
33.8 229 .53 1.88 1.71
33.7 22.9 .54 1.85 1.68
33.7 22.9 .53 1.88 1.71
33.7 229 .53 1.88 1.71
33.6 22.9 .53 1.88 1.71
33.6 229 54 1.85 1.68
33.5 22.9 54 1.85 1.68
334 229 .54 1.85 1.68
33.4 229 54 1.85 1.68
33.4 229 54 1.85 1.68
33.4 229 .54 1.85 1.68



SAMPLE GROUP 8 - MED RATE Bubble Surface
d/cm __ *C b/s Interval Age

Omli TEST A 72.6 214 .98 1.02 .89
4ml TEST A 62.6 214 .98 1.02 .89
TEST B 62.6 21.4 .98 1.02 .89
.8ml TEST A 58.2 214 1.12 .89 .77
TEST B 58.3 214 1.11 .90 77
1.2ml TEST A 54.8 214 1.21 .83 71
TESTB 548 214 1.19 .84 .72
1.6ml TEST A 52.0 21.5 1.30 77 .66
TEST B 52.0 21.5 1.30 77 .66
2.0ml TEST A 49.6 215 1.32 .76 .65
TESTB 49.7 21.6 1.38 .72 .62
2.4mil TEST A 479 21.6 1.38 .72 .62
TESTB 47.9 216 1.36 .74 .64
2.8ml TEST A 46.5 216 1.44 .69 .59
TEST B 46.5 216 1.40 71 .61
3.2mi TEST A 45.2 216 1.46 .68 .58
TESTB 45.2 21.6 1.48 .68 38
3.6mi TEST A 443 216 1.48 .68 .58
TESTB 443 216 1.49 .67 37
4.0ml TEST A 43.6 21.7 1.52 .66 .56
TESTB 43.6 21.7 1.53 .66 .56
4.4ml TEST A 42.9 21.7 1.54 .65 .55
TESTB 429 21.7 1.54 .65 35
4.8ml TEST A 42.4 21.7 1.54 .65 .55
TESTB 42.4 21.7 1.56 .64 54
5.2mi TEST A 420 218 1.56 .64 .54
TESTB 42.0 21.8 1.56 .64 54
5.6ml TEST A 41.4 218 1.56 .64 .54
TEST B 41.5 218 1.56 .64 .54
6.0ml TEST A 41.0 21.8 1.53 .66 .56
TESTB 41.0 21.8 1.54 .65 .55
6.4ml TEST A 40.8 21.8 1.56 .64 54
TEST B 40.8 219 1.54 .65 .55
6.8ml TEST A 40.6 21.9 1.56 .64 54
TESTB 40.5 219 1.54 .65 .55
7.2ml TEST A 40.3 21.9 1.57 .64 54
TEST B 40.3 219 1.56 .64 54
7.6mil TEST A 40.1 21.9 1.58 .63 .53
TESTB 40.1 219 1.57 .64 .54
8.0ml TEST A 40.0 220 1.56 .64 .54
TESTB 39.9 220 1.56 .64 .54
8.4mi TEST A 39.7 22.0 1.60 .63 .53
TEST B 39.7 22.0 1.58 .63 33
8.8ml TEST A 39.6 22.1 1.63 .61 51
TESTB 39.5 22.1 1.63 .61 Sl
9.2ml TEST A 394 22.1 1.58 .63 33
TESTB 39.3 22.1 1.60 .63 .53
9.6ml TEST A 39.2 22.1 1.58 .63 .53
. TESTB 39.2 22.1 1.64 61 Sl
10.0ml TEST A 39.1 222 1.63 .61 51
TESTB 38.9 22.1 1.60 .63 .53



Sample Group 8 - Medium Rate Continued

10.4ml

10.8ml

11.2mi

TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

389
389
389
38.9
389
38.9

22.2
222
22.2
222
222
222

1.60
1.60
1.63
1.60
1.63
1.63

.63
.63
.61
.63
.61
.61

.53
.53
.51
.53
51
Sl



SAMPLE GROUP 8 - FAST RATE Bubble Surface

d/cm _ *C b/s Intenal Age
Omi TEST A 72.8 20.2 3.97 25 .16
4mli TEST A 69.6 20.3 3.97 .25 .16
TESTB 69.6 20.4 3.97 25 .16
.8ml TEST A 65.6 20.7 4.05 .25 .16
TESTB 65.5 20.7 4.07 25 .16
1.2mi TEST A 63.6 20.7 4.23 24 15
TESTB 63.5 20.7 4.23 24 15
1.6ml TEST A 62.1 20.7 4.32 24 15
TESTB 62.1 20.7 432 24 15
2.0ml TEST A 60.6 20.7 4.44 23 14
TESTB 60.5 20.7 4.44 .23 14
2.4mil TEST A 59.2 20.8 4.55 22 A3
TESTB 59.1 20.8 4.56 22 13
2.8ml TEST A 58.0 20.9 4.44 .23 A4
TESTB 58.1 20.9 4.44 23 14
3.2ml TEST A 56.9 20.9 1.65 22 13
TESTB 56.8 20.9 4.65 22 13
3.6ml TEST A 55.5 21.0 4381 21 A3
TESTB 55.5 21.0 481 21 13
4.0ml TEST A 54.4 21.1 4.79 21 13
TESTB 544 21.1 4.79 21 A3
4.4ml TEST A 53.5 21.2 4.81 21 13
TESTB 53.5 21.2 4381 21 13
4.8mi TEST A 52.7 21.2 4.92 .20 12
TESTB 52.7 21.2 4.92 .20 12
5.2mi TEST A 51.8 213 4.92 .20 12
TESTB 51.8 213 4.92 .20 12
5.6ml TEST A 51.1 213 492 .20 12
TESTB 51.2 213 4.92 .20 12
6.0ml TEST A 50.4 214 4.92 .20 12
TESTB 50.4 21.4 4.92 20 12
6.4mli TEST A 50.0 214 5.06 20 12
TESTB 50.0 21.4 5.07 .20 12
6.8ml TEST A 49.6 214 5.05 20 12
TESTB 49.6 214 5.06 20 12
7.2ml TEST A 49.1 214 5.07 20 12
TESTB 49.1 214 5.07 .20 12
7.6ml TEST A 48.8 214 5.06 .20 12
TESTB 48.8 214 5.07 20 12
8.0mi TEST A 48.5 215 5.05 20 12
TESTB 48.5 21.5 5.05 20 12
8.4ml TEST A 48.2 215 5.05 20 12
TESTB 48.2 215 5.04 20 12
8.8ml TEST A 48.0 215 5.05 .20 12
TESTB 48.0 215 5.05 20 12
9.2mi TEST A 479 21.5 5.07 .20 12
TESTB 179 215 5.07 20 12
9.6mi TESTA 476 215 5.07 20 12
TESTB 47.6 215 5.07 .20 12
10.0mli TEST A 475 215 5.06 .20 12

TEST B 475 215 507 20 12



Sample Group 8 - Fast Rate Continued

10.4mi

10.8ml

11.2mi

11.6mi

12.0ml

TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

47.2
473
47.1
47.0
46.9
46.9
46.9
46.9
46.9
46.9

216
21.6
216
216
21.6
216
216
21.6
216
216

5.08
5.07
5.08
5.05
5.08
5.07
5.0
5.05
5.05
5.05

.20
.20
.20
.20
.20
.20
.20
.20
.20
.20

12
A2
A2
12
A2
12
12
A2
12
A2
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EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP 8

CONCEN. SURF. TEN. B/SEC.
Ami 45.1 d/cm .18
.8ml 39.9 d/cm 22
1.2mi 37.5d/cm .24
1.6ml 359 d/cm .26
2.0mi 34.2d/cm 27
2.4ml 33.2d/cm 27
2.8ml 33.0d/cm 27
3.2mi 32.5d/cm 27
3.6ml 323 d/cm 27
4.0mi 31.8 d/cm 27
4.4mi 31.6 d/cm 27
4.8ml 31.4d/cm 27
5.2ml 31.2d/cm 27
5.6lml 30.8 d/cm 27
6.0ml 30.8 d/cm .26

6.4ml 30.8 d/cm .26
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SAMPLE GROUP 9 - SLOWEST RATE
HWI: 6310-105 Test Material: Lauramine Oxide (Incromine Oxide L) PH aprox: 10.5

Bubble Surface

d/cm *C b/s Interval Age

Omi TEST A 72.8 20.3 12 8.33 8.16
4mi TEST A 64.0 20.8 12 8.33 8.16
TESTB 64.0 20.8 12 8.33 8.16

.8ml TEST A 55.0 20.8 .14 7.14 6.93
TESTB 55.0 20.8 14 7.14 6.93

1.2mi TEST A 49.5 20.8 13 6.66 6.39
TESTB 49.5 20.8 .18 5.55 5.30

1.6ml TESTA 45.1 20.8 18 5.55 5.30
TESTB 45.1 20.8 .19 5.26 5.02

2.0ml TEST A 41.7 20.8 .19 5.26 5.02
TESTB 117 20.8 .19 5.26 5.02

2.4ml TEST A 36.0 20.8 .20 5.00 4.75
TESTB 36.0 20.8 .20 5.00 4.75

2.8ml TEST A 35.1 20.3 .20 5.00 475
TESTB 35.1 20.8 .20 5.00 4.75

3.2ml TEST A 34.1 20.8 .20 5.00 4.75
TESTB 34.1 20.8 .20 5.00 4.75

3.6ml TESTA 33.7 20.8 .20 5.00 4.75
TESTB 33.7 20.8 .20 5.00 475

4.0mi TESTA 33.5 20.8 .20 5.00 4.75
TESTB 335 20.8 .20 5.00 1.75

4.4ml TESTA 333 20.8 .20 5.00 1475
TESTB 333 20.8 .20 5.00 4.75

4.8ml TESTA 33.3 20.8 .20 5.00 4.75
TESTB 333 20.8 .20 5.00 4.75

5.2ml TEST A 33.3 20.8 .20 5.00 4.75
TESTB 33.3 20.8 .20 5.00 1.75

5.6mi TESTA 333 20.8 .20 5.00 175

TESTB 333 208 .20 500 475



SAMPLE GROUP 9 - SLOW RATE

Bubble Surface

d/cm _ *C b/s Interval Age

Omi TEST A 725 229 22 455 132
Aml TEST A 65.7 226 25 4.00 3.80
TESTB 65.7 226 .25 1.00 3.80

.8ml TEST A 56.5 226 .30 3.33 2.99
TESTB 56.5 226 .30 3.33 2.99

1.2mi TEST A 50.5 226 .33 3.03 2.88
TESTB 50.5 226 .33 3.03 2.88

1.6ml TEST A 461 227 36 2.77 2.58
TEST B 162 227 36 2.77 2.58

2.0mi TEST A 429 227 39 2.56 2.33
TESTB 429 227 40 2.50 2.28

2.4ml TEST A 0.1 227 41 2.44 2.22
TESTB 102 227 41 2.44 2.22

2.8mi TEST A 382 227 .43 2.33 2.12
TESTB 382 227 43 2.33 2.12

3.2ml TEST A 370 227 46 2.17 1.97
TEST B 370 227 46 2.17 1.97

3.6ml TEST A 363 227 46 2.17 1.97
TESTB 363 227 47 2.13 1.94

40mi TEST A 358 228 48 2.08 1.89
TEST B 358 228 48 2.08 1.89

4.4mi TEST A 354 228 48 2.08 1.89
TEST B 354 228 48 2.08 1.89

4.8mi TEST A 351 227 48 2.08 1.89
TESTB 35.1 227 48 2.08 1.89

5.2ml TEST A 349 228 49 2.04 1.86
TESTB 348 227 49 2.04 1.86

5.6ml TEST A 346 228 49 2.04 1.86
TEST B 346 228 49 2.04 1.86

6.0ml TEST A 345 228 .49 2.04 1.86
TESTB 345 228 49 2.04 1.86

6.4ml TEST A 344 228 49 2.04 1.86
TESTB 343 228 49 2.04 1.86

6.8ml TEST A 342 228 49 2.04 1.86
TESTB 342 228 49 2.04 1.86

7.2ml TEST A 342 228 49 2.04 1.86
TESTB 341 228 49 2.04 1.86

7.6ml TEST A 341 228 49 2.04 1.86
TESTB 341 228 49 2.04 1.86

8.0ml TEST A 341 228 49 2.04 1.86
TEST B 341 228 49 2.04 1.86



SAMPLE GROUP 9 - MED RATE Bubble Surface
d/cm _ *C b/s Interval Age
Omi TEST A 72.6 21.8 .93 1.07 93
Ami TEST A 67.0 218 .93 1.07 .93
TESTB 67.0 218 .97 1.07 .93
.8mi TEST A 59.3 218 1.05 .95 .82
TESTB 59.3 21.8 1.05 .95 .82
1.2mi TEST A 536 2138 1.20 .83 VA
TESTB 53.6 21.8 1.19 .83 71
1.6mli TEST A 492 218 1.29 .78 67
TESTB 493 21.8 1.29 .78 67
2.0mli TEST A 46.0 219 1.39 .72 .62
TESTB 46.0 21.9 1.40 71 61
2.4ml TEST A 435 219 1.40 71 .61
TESTB 435 219 1.43 .70 .60
2.8mi TEST A 418 219 1.43 .70 .60
TESTB 418 21.9 1.43 .70 .60
3.2ml TEST A 40.3 21.9 1.49 .67 .58
TESTB 402 219 1.49 67 .58
3.6ml TEST A 389 219 1.52 .66 .58
TESTB 389 219 1.58 .63 .54
4.0mi TEST A 38.4 21.9 1.56 .64 .55
TESTB 38.3 21.9 1.54 .65 35
4.4mi TEST A 37.8 220 1.61 .62 .53
TESTB 378 220 1.59 .63 .54
4.8ml TEST A 373 220 1.58 .63 .54
TESTB 373 22.0 1.58 .63 .54
5.2ml TEST A 369 221 1.64 .61 .52
TESTB 369 221 1.63 .61 .52
5.6mi TEST A 36.7 221 1.68 .59 48
TESTB 36.6 22.1 1.70 .59 48
6.0mli TEST A 36.3 22.1 1.64 .61 .52
TESTB 364 221 1.67 .60 49
6.4ml TEST A 36.2 22.2 1.67 .60 49
TESTB 36.1 222 1.67 .60 49
6.8ml TEST A 36.0 2222 1.69 .59 48
TESTB 36.0 222 1.72 .58 47
7.2ml TEST A 36.0 22.2 1.73 .58 47
TESTB 359 222 1.73 .58 47
7.6ml TEST A 358 222 1.69 .59 48
TESTB 358 222 1.73 .58 47
8.0ml TEST A 357 222 1.67 .60 49
TESTB 35.7 22.2 1.67 .60 49
8.4ml TEST A 35.6 22.2 1.67 .60 49
TESTB 356 222 1.68 .60 49
8.8ml TEST A 356 222 1.67 .60 49
TESTB 355 222 1.65 61 .52
9.2ml TEST A 354 222 1.65 .61 .52
TEST A 354 222 1.70 .59 48
9.6mi TEST A 354 222 1.72 .58 47
TESTB 35.4 222 1.74 .57 46
10.0ml TEST A 354 222 1.74 .57 .46
TESTB 354 22.2 1.74 .57 46



Aoy SAMPLE GROUP 9 - FAST RATE Bubble Surface

d/cm *C b/s Interval Age

Omi TEST A 72.7 213 4.05 25 .16
4mli TEST A 64.5 213 435 .23 14
TESTB 64.5 21.3 432 23 14

8ml TEST A 60.0 21.4 132 23 14
TESTB 60.1 21.4 435 23 14

1.2ml TEST A 56.1 21.4 4.67 21 13
TESTB 56.1 21.4 4.65 21 13

1.6mli TEST A 52.7 214 4.68 21 13
TESTB 52.7 214 465 21 13

2.0ml TEST A 49.6 21.5 4.76 21 13
TESTB 49.6 215 4.76 21 13

2.4ml TEST A 47.0 21.6 5.07 .20 12
TESTB 47.1 21.6 5.07 .20 12

2.8ml TEST A 45.0 21.6 5.20 19 1
TESTB 45.0 216 5.20 19 11

3.2ml TEST A 433 21.6 522 19 11
TESTB 43.3 216 5.22 19 11

3.6ml TEST A 42.1 218 5.51 18 .10
TESTB 42.1 218 5.51 18 .10

4.0ml TEST A 41.0 21.8 5.60 .18 .10
TESTB 41.0 218 5.60 .18 .10

4.4ml TEST A 40.1 219 5.71 18 .10
TESTB 40.1 219 5.89 17 .09

4.8ml TEST A 39.5 219 5.89 17 .09
TESTB 39.6 219 5.89 17 .09

5.2ml TEST A 39.0 21.9 5.89 17 .09
TESTB 39.0 219 5.89 17 .09

5.6ml TEST A 385 219 5.89 17 .09
TESTB 38.5 219 5.89 17 .09

6.0ml TEST A 38.2 219  6.07 .16 .08
TESTB 38.2 219  6.07 .16 .08

6.4ml TEST A 37.9 220 6.06 .16 .08
TESTB 379 22.0 6.07 .16 .08

6.8ml TEST A 37.7 220 6.07 .16 .08
TEST B 37.7 220 6.07 .16 .08

7..2ml TEST A 374 220 6.07 .16 .08
TESTB 37.4 220 6.05 .16 .08

7.6ml TEST A 37.1 220 6.07 .16 .08
TESTB 37.1 220 6.07 .16 .08

8.0ml TEST A 37.0 220 6.05 .16 .08
TESTB 36.9 220 6.07 .16 .08

8.4ml TEST A 36.8 220 6.07 .16 .08
TESTB 36.8 220 6.07 .16 .08

8.8ml TEST A 36.6 22.1 6.07 .16 .08
TESTB 36.6 22.1 6.07 .16 .08

9.2ml TEST A 36.4 22.1 6.05 .16 08
TESTB 36.4 22.1 6.07 .16 .08

9.6ml TEST A 36.3 222  6.07 .16 .08
TESTB 36.3 222 6.07 .16 .08

[ 10.0ml TEST A 36.2 222 6.09 .16 .08
N TESTB 36.2 222 6.07 .16 .08

10.4ml TEST A 36.1 222 6.07 .16 .08




Sample Group 9 - Fast Rate Continued

10.8mli

11.2ml

11.6ml

12.0ml

12.4ml

12.8ml

13.2ml

TESTB
TEST A
TESTB
TESTA
TESTB
TEST A
TESTB
TESTA
TESTB
TESTA
TESTB
TEST A
TESTB
TEST A
TESTB

36.1
36.0
36.0
35.9
35.9
35.8
35.8
35.7
35.7
35.6
35.6
35.6
35.6
35.6
35.6

22.2
222
222
222
22.2
222
222
222
2222
222
222
222
222
222
222

6.07
6.05
6.07
6.07
6.07
6.07
6.07
6.07
6.05
6.07
6.07
6.07
6.07
6.07
6.07

16
.16
16
.16
.16
.16
16
.16
16
.16
.16
.16
.16
.16
.16

.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08



EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP 9

CONCEN. SURF. TEN. B/SEC.
4mi 64.0 d/cm 12
.8mi 55.0d/em .14
1.2mi 49.5 d/cm A5
1.6mi 45.1 d/em 18
2.0mi 41.7 d/cm 19
2.4ml 36.0 d/cm .19
2.8mi 35.1d/cm .20
3.2ml 34.1d/cm .20
3.6mi 33.7d/cm .20
4.0ml 33.5d/cm .20
4.4ml 33.3 d/cm .20
4.8mi 33.3 d/cm .20

5.2ml 33.3d/cm .20
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SAMPLE GROUP 10 - SLOWEST RATE
HWI: 6310-105 Test Material: Cocamide DEA (Standamid KD)

Bubble Surface

d\cm *C b/s Interval Age

Oml TEST A 72.7 209 .20 5.00 4.75
4ml TEST A 443 20.9 .20 5.00 4.75
TESTB 443 20.9 .20 5.00 4.75

.8ml TEST A 373 20.9 25 4.00 3.80
TESTB 37.3 20.9 25 4.00 3.80

1.2mi TEST A 36.0 20.9 27 3.70 3.52
TESTB 36.0 20.9 .28 3.57 3.39

1.6ml TEST A 347 20.9 .29 3.45 3.28
TESTB 34.7 20.9 .29 3.45 3.28

2.0mi TEST A 328 20.9 .28 3.57 3.39
TESTB 32.8 20.9 27 3.70 3.52

2.4ml TEST A 31.5 20.9 27 3.70 3.52
TESTB 315 20.9 .26 3.85 3.66

2.8ml TEST A 30.9 20.9 27 3.70 3.52
TESTB 30.9 20.9 27 3.70 3.52

3.2mi TEST A 30.6 20.9 .28 3.57 3.39
TESTB 30.6 209 .26 3.85 3.66

3.6ml TEST A 30.3 20.9 .26 3.85 3.66
TESTB 30.3 209 27 3.70 3.52

4.0mi TEST A 30.0 209 .26 3.85 3.66
TESTB 30.0 209 .26 3.85 3.66

4.4mi TEST A 29.8 20.9 .26 3.85 3.66
TESTB 29.8 20.9 .26 3.85 3.66

4.8ml TEST A 29.6 20.9 .26 3.85 3.66
TESTB 29.6 20.9 .26 3.85 3.66

5.2mi TEST A 29.5 209 .26 3.85 3.66
TESTB 29.5 209 .26 3.85 3.66

5.6mi TEST A 29.4 20.9 .26 3.85 3.66
TESTB 29.4 20.9 .26 3.85 3.66

6.0ml TEST A 29.3 209 .26 3.85 3.66
TESTB 293 209 .26 3.85 3.66

6.4mi TEST A 293 209 .26 3.85 3.66
TESTB 29.3 20.9 .26 3.85 3.66

6.8ml TEST A 29.3 20.9 .26 3.85 3.66
TESTB 29.3 209 .26 3.85 3.66

7.2ml TEST A 293 20.9 .26 3.85 3.66

TESTB 293 209 .26 3.85 3.66



SAMPLE GROUP 10 - SLOW RATE Bubble Surface
d/cm__ *C b/s Interval Age
Oml TEST A 72.5 22.8 22 455 4.32
4mi TEST A 47.7 22.8 .39 2.56 2.33
TESTB 47.7 22.8 .39 2.56 2.33
.8ml TEST A 447 22.8 43 2.33 2.12
TESTB 44.7 22.8 43 233 2.12
1.2ml TEST A 42.2 22.8 45 222 2.02
TESTB 42.2 22.8 45 222 2.02
1.6mi TEST A 40.5 22.8 .50 2.00 1.82
TESTB 40.5 223 .50 2.00 1.82
2.0mi TEST A 38.5 22.8 Sl 1.96 1.78
TEST B 38.5 22.8 .50 2.00 1.82
2.4ml TEST A 37.1 22.8 .52 1.92 1.75
TESTB 37.0 22.8 .52 1.92 1.75
2.8ml TEST A 36.3 228 53 1.88 1.71
TEST B 36.2 228 .54 1.85 1.68
3.2ml TEST A 35.1 22.8 .53 1.88 1.71
TESTB 35.2 22.8 53 1.88 1.71
3.6ml TEST A 347 22.8 54 1.85 1.68
TESTB 348 22.8 54 1.85 1.68
4.0mi TEST A 343 228 54 1.85 1.68
TESTB 343 228 54 1.85 1.68
4.4ml TEST A 340 228 54 1.85 1.68
TESTB 34.0 22.8 54 1.85 1.68
4.8ml TEST A 33.6 228 .54 1.85 1.68
TESTB 335 228 53 1.88 1.71
5.2mi TEST A 333 228 54 1.85 1.68
TESTB 33.2 228 54 1.85 "~ 1.68
5.6ml TEST A 33.0 22.8 .54 1.85 1.68
TESTB 33.0 22.8 54 1.85 1.68
6.0ml TEST A 32.8 228 54 1.85 1.68
TEST B 32.8 22.8 54 1.85 1.68
6.4ml TEST A 327 22.8 4 1.83 1.68
TESTB 32.7 22.8 .54 1.85 1.68
6.8ml TEST A 325 228 54 1.85 1.68
TESTB 32.6 228 54 1.85 1.68
7.2mi TEST A 32.4 22.8 54 1.85 1.68
TEST B 323 228 54 1.85 1.68
7.6ml TEST A 323 22.8 .54 1.85 1.68
TESTB 32.2 228 54 1.85 1.68
8.0ml TEST A 322 228 54 1.85 1.68
TESTB 32.1 22.8 4 1.85 1.68
8.4ml TEST A 32.1 22.8 S4 1.85 1.68
TESTB 32.0 22.8 54 1.85 1.68
8.8mi TEST A 319 228 .54 1.85 1.68
TESTB 31.9 22.8 54 1.85 1.68
9.2mi TEST A 31.9 22.8 .54 1.85 1.68
TEST B 31.9 228 54 1.85 1.68
9.6mi TEST A 31.8 22.8 .53 1.8 1.71
TESTB 31.8 22.8 54 183 1.68
10.0ml TEST A 31.8 228 54 1 %5 1.68
TESTB 31.8 22.8 54 1.85 1.68
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SAMPLE GROUP 10 - MED RATE Bubble Surface

d/cm  *C b/s Interval Age
Omi TEST A 72.6 220 .97 1.03 .90
4ml TEST A 55.5 22.0 1.17 .85 .73
TESTB 55.5 22.0 1.17 .85 .73
.8ml TEST A 50.0 22.0 1.35 .74 .64
TESTB 49.9 22.0 1.33 75 .65
1.2mi TEST A 46.9 220 1.47 .68 58
TESTB 46.9 22.1 1.47 .68 58
1.6mi TEST A 45.1 22.1 1.53 .65 .55
TESTB 45.1 22.1 1.53 .65 .55
2.0ml TEST A 43.7 22.1 1.56 .64 54
TESTB 43.6 22.1 1.56 .64 54
2.4ml TEST A 42.6 22.1 1.67 .60 .50
TESTB 42.6 22.1 1.67 .60 .50
2.8mi TEST A 41.6 22.1 1.73 .59 .30
TESTB 41.6 22.1 1.73 .59 .50
3.2ml TEST A 40.6 22.2 1.66 .60 .30
TESTB 40.6 22.2 1.67 .60 .50
3.6ml TEST A 39.9 22.1 1.61 .62 52
TEST B 399 222 1.67 .60 .50
4.0ml TEST A 39.3 223 1.66 .60 .50
TESTB 39.3 22.3 1.66 .60 .50
4.4ml TEST A 38.8 22.3 1.63 .61 Sl
TESTB 38.8 224 1.64 .61 Sl
4.8ml TEST A 38.4 224 1.69 .59 .50
TESTB 384 22.4 1.69 .59 .50
5.2mi TEST A 379 22.4 1.64 61 )
TESTB 379 22.4 1.67 .60 .50
5.6ml TEST A 37.6 22.4 1.64 .61 Sl
TEST B 37.7 22.5 1.64 61 Sl
6.0ml TEST A 37.4 22.5 1.69 .59 .50
TEST B 37.4 22.5 1.68 .59 .50
6.4ml TEST A 37.1 22.6 1.72 .58 49
TESTB 37.1 22.6 1.73 .58 49
6.8ml TEST A 36.8 22.6 1.72 .58 49
TESTB 36.9 22.6 1.72 .58 49
7.2mi TEST A 36.6 22.6 1.68 .59 .30
TESTB 36.5 226 1.68 .59 .30
7.6ml TEST A 36.3 22.6 1.68 .59 .50
TESTB 36.3 22.7 1.68 .59 .50
8.0ml TEST A 36.2 22.7 1.72 .58 49
TESTB 36.3 22.8 1.73 .58 49
8.4ml TEST A 36.1 22.8 1.67 .60 .50
TESTB 36.0 22.8 1.68 .59 .50
8.8mi TEST A 359 229 1.72 .58 49
TESTB 35.9 22.9 1.72 .58 49
9.2ml TEST A 35.8 229 1.72 .58 49
TESTB 35.8 229 1.72 .58 49
9.6mi TEST A 35.8 229 1.72 .58 49
TESTB 35.8 22.9 1.72 .58 49
10.0ml TEST A 358 22.9 1.72 .58 49

TESTB 358 229 .72 .58 49



SAMPLE GROUP 10 - FAST RATE

Bubble Surface
d/cm *C B/S Interval Age

Omi TEST A 72.5 223 3.97 .25 .16
Ami TEST A 63.5 22.4 4.29 23 14
TESTB 63.5 22.4 4.29 .23 14

.8ml TEST A 60.4 22.4 432 23 A4
TESTB 60.4 22.4 432 .23 14

1.2ml TEST A 58.3 22.5 4.56 22 13
TESTB 58.3 22.5 4.56 22 A3

1.6mi TEST A 56.2 22.6 4.60 22 13
TESTB 56.2 22.6 4.60 22 13

2.0mi TEST A 54.5 22.6 4.76 21 13
TESTB 54.6 22.6 4.76 21 13

2.4ml TEST A 52.8 22.6 4.79 21 13
TESTB 52.8 22,6 1.79 21 A3

2.8mli TEST A 51.3 22.7 4.79 21 13
TESTB 51.3 22.7 4.79 21 13

3.2mi TEST A 50.0 22.7 4.79 21 13
TESTB 49.9 22.7 4.79 21 A3

3.6mi TEST A 48.9 22.7 4.90 .20 A2
TESTB 489 22.7 4.90 .20 12

4.0ml TEST A 478 22.7 5.05 .20 12
TESTB 478 22.7 5.07 .20 12

4.4mi TEST A 46.7 22.8 5.18 .19 11
TESTB 46.8 228 5.19 .19 11

4.8ml TEST A 45.9 22.8 5.20 .19 A1
TESTB 46.0 22.8 5.21 .19 A1

5.2ml TEST A 45.2 229 5.20 .19 11
TESTB 452 22.9 5.20 .19 A1

5.6mi TEST A 44.5 22.9 5.21 .19 A1
TEST B 444 22.9 5.20 .19 A1

6.0ml TEST A 43.8 23.0 5.21 .19 11
TESTB 43.8 23.0 5.21 .19 A1

6.4ml TEST A 433 23.0 5.20 .19 11
TESTB 433 23.0 5.21 .19 11

6.8mi TEST A 42.3 23.0 5.21 .19 11
TESTB 428 23.0 5.20 .19 A1

7.2ml TEST A 42.4 23.0 5.34 .19 11
TESTB 42.4 23.0 5.34 19 11

7.6ml TEST A 41.8 23.0 537 19 1
TESTB 41.8 23.0 5.37 .19 A1

8.0ml TEST A 41.6 23.0 5.37 .19 A1
TESTB 416 23.0 5.36 .19 A1

8.4ml TEST A 41.2 23.0 5.34 .19 11
TESTB 41.2 23.0 5.37 .19 A1

8.8mi TEST A 40.9 23.1 5.37 .19 A1
TESTB 40.9 23.1 5.37 .19 1

9.2mi TEST A 40.6 23.1 5.53 18 .10
TESTB 40.5 23.1 5.53 .18 .10

9.6ml TEST A 40.3 23.1 5.53 .18 .10
) TESTB 40.4 23.1 5.53 .18 .10
10.0mi TEST A 40.1 23.2 5.71 18 .10

TESTB 40.1 232 571 18 .10



Sample Group 10 - Fast Rate Continued

10.4ml

10.8ml

11.2mi

11.6mi

12.0mi

12.4mi

12.8mli

TEST A
TESTB
TEST A
TESTB
TEST A
TEST B
TEST A
TEST B
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

39.8
39.8
39.5
39.5
39.2
39.2
39.2
39.2
39.1
39.1
39.1
39.1
39.1
39.1

232
232
23.2
23.2
23.1
23.1
23.1
23.1
23.1
23.1
23.1
23.1
23.1
23.1

5.52
5.53
5.48
5.50
5.49
549
5.49
5.49
5.49
5.49
5.49
5.49
5.52
5.49

.18
.18
.18
.18
18
.18
.18
.18
.18
18
18
18
.18
.18

.10
.10
.10
.10
.10
.10
.10
.10
.10
.10
.10
.10
.10
.10



EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP 10

CONCEN. SURF. TEN B/SEC.
A4mi 44 3 d/cm .20
.8mi 37.3 d/cm .25
1.2ml 35.9 d/em 27
1.6mi 34.5 d/cm 29
2.0ml 32.8 d/cm .28
2.4ml 31.5 dcm .27
2.8ml 30.9 d/cm .26
3.2mi 30.6 d/cm .27
3.6ml 30.3 d/cm .26
4.0ml 30.0 d/em .26
4.4ml 29.8 d/cm .26
4.8ml 29.6 d/cm .26
5.2mi 29.5 d/cm .26

5.6ml 29.4 d/cm .26
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SAMPLE GROUP 11 - SLOWEST RATE
HWI: 6310-105 Test Material: Lauramide Oxide (Incromine Oxide L) PH aprox. 7

Bubble Surf. .

d/cm  *C b/s Interval Age

Omi TEST A 72.9 19.6 .10 10.00 9.90
Aml TEST A 63.4 19.8 .10 10.00 9.90
TESTB 63.4 19.8 .10 10.00 9.90

.8mi TEST A 48.7 19.8 A3 7.69 7.46
TESTB 48.7 19.8 A3 7.69 7.46

1.2ml TEST A 442 19.8 14 7.14 6.93
TESTB 442 19.8 14 7.14 6.93

1.6mi TESTA 40.0 19.8 15 6.66 6.39
TESTB 40.1 19.8 15 6.66 6.39

2.0ml TEST A 38.1 19.9 17 5.88 5.59
TESTB 38.1 19.9 17 5.88 5.39

2.4ml TEST A 36.6 19.9 .19 5.26 4.99
TESTB 36.6 19.9 .19 5.26 4.99

2.8ml TEST A 35.7 19.9 .19 5.26 4.99
TESTB 35.7 19.9 .19 5.26 4.99

3.2ml TEST A 347 19.9 .19 5.26 4.99
TEST B 347 19.9 .20 5.00 4.75

3.6mi TEST A 341 20.0 .20 5.00 4.75
TESTB 341 20.0 .20 5.00 4.75

4.0mi TEST A 33.8 200 .20 5.00 4.75
TESTB 33.8 20.1 .20 5.00 4.75

4.4ml TEST A 33.7 20.1 .20 5.00 4.75
TESTB 33.7 20.1 .20 5.00 4.75

+4.8mi TEST A 33.7 20.1 .20 5.00 4.75
TESTB 33.7 20.1 .20 5.00 4.75

5.2mi TEST A 33.7 20.1 .20 5.00 4.75
TESTB 33.7 20.1 .20 5.00 4.75

5.6ml TEST A 33.7 20.1 .20 5.00 4.75

TESTB 33.7 20.1 .20 5.00 4.75



SAMPLE GROUP 11 - SLOW RATE Bubble Surface

dcm___ *C b/s Interval Age

Omi TEST A 72.8 20.6 .23 4.55 432
Aml TEST A 65.1 20.5 .24 4.16 3.95
TESTB 65.1 20.5 24 4.16 3.95

Smi TEST A 51.8 20.6 .30 3.33 3.16
TESTB 51.8 20.6 .30 3.33 3.16

1.2ml TEST A 475 20.7 .33 3.03 2.82
TESTB 47.5 20.7 .33 3.03 2.82

1.6mi TEST A 43.6 20.7 .32 3.13 291
TESTB 43.6 20.7 33 3.03 2.82

2.0ml TEST A 40.7 20.7 .40 2.50 2.28
TESTB 40.7 20.7 40 2.50 2.28

2.4ml TEST A 38.5 21.0 42 2.38 2.17
TEST B 38.6 21.0 42 2.38 2.17

2.8ml TEST A 37.6 210 43 2.32 2.11
TEST B 375 21.0 43 2.32 2.11

3.2mli TEST A 36.9 21.0 43 2.32 2.11
TESTB 36.9 21.0 43 2.32 2.11

3.6ml TEST A 36.5 21.0 45 2.22 2.02
TESTB 36.5 21.0 45 2.22 2.02

4.0ml TEST A 36.1 21.1 45 2.22 2.02
TESTB 36.1 21.1 45 2.22 2.02

4.4mi TEST A 35.8 21.1 45 2.22 2.02
TESTB 35.8 21.1 45 2.22 2.02

4.8ml TEST A 35.6 21.0 43 2.32 2.11
TESTB 35.6 21.0 45 2.22 2.02

5.2ml TEST A 35.5 21.1 45 2.22 2.02
TESTB 355 212 45 2.22 2.02

5.6mi TEST A 353 21.2 H 2.27 2.07
TESTB 354 212 H 2.27 2.07

6.0ml TEST A 35.3 21.2 44 2.27 2.07
TESTB 353 21.2 44 2.27 2.07

6.4ml TEST A 35.2 21.2 44 2.27 2.07
TESTB 35.2 21.2 45 2.22 2.02

6.8ml TEST A 35.1 21.2 45 2.22 2.02
TESTB 35.0 21.2 44 2.27 2.07

7.2ml TEST A 35.0 21.2 45 2.22 2.02
TESTB 35.0 21.2 45 2.22 2.02

7.6ml TEST A 35.0 21.2 45 2.22 2.02
TESTB 35.0 21.2 45 2.22 2.02

8.0ml TEST A 35.0 21.2 44 2.27 2.07
TESTB 35.0 21.2 45 2.22 2.02



SAMPLE GROUP 11 -MED RATE Bubble Surface
dem  *C b/s Intennal Age
Omi TESTA 72.7 21.1 .95 1.05 91
A4ml TEST A 67.2 20.8 1.04 .96 .83
TESTB 67.2 20.8 1.04 .96 .83
.8ml TEST A 57.2 20.8 1.20 83 67
TESTB 57.3 20.8 1.20 .83 67
1.2ml TEST A 51.2 20.8 1.35 74 .64
TESTB 51.2 20.8 1.35 .74 .64
1.6mi TEST A 47.1 20.8 1.46 .68 .58
TESTB 47.0 20.8 1.45 .69 .59
2.0ml TEST A 440 20.8 1.48 .67 .57
TESTB 440 20.8 1.47 .68 .58
2.4ml TEST A 42.1 20.8 1.54 .65 .55
TESTB 42.1 20.8 1.54 .65 .55
2.8ml TEST A 40.6 20.9 1.60 .63 .53
TEST B 10.6 20.9 1.62 62 .52
3.2mi TEST A 39.6 20.9 1.64 .61 Sl
TESTB 39.6 209 1.62 62 52
3.6ml TEST A 38.7 209 1.66 .60 .50
TESTB 38.6 209 1.68 .60 .50
4.0ml TEST A 38.1 20.9 1.70 .59 .50
TESTB 38.1 209 1.72 .58 49
4.4ml TEST A 37.6 20.9 1.74 .57 48
TESTB 376 209 1.72 .58 49
4.8ml TEST A 37.2 209 1.74 .57 48
TESTB 372 20.9 1.74 .57 48
5.2ml TEST A 36.9 20.9 1.79 .56 47
TESTB 36.9 209 1.79 .56 47
5.6mli TEST A 36.6 210 1.79 .56 47
TESTB 36.7 21.0 1.78 .56 47
6.0ml TEST A 36.4 21.0 1.75 .57 48
TESTB 36.4 21.0 1.79 .56 47
6.4ml TEST A 36.2 21.0 1.75 .57 48
TESTB 36.2 21.0 1.75 .57 48
6.8ml TEST A 36.1 21.0 1.75 .57 48
TESTB 36.1 21.0 1.75 .57 48
7.2mi TEST A 36.0 21.0 1.75 .57 48
TESTB 36.0 21.0 1.75 .57 48
7.6ml TEST A 35.9 21.0 1.75 .57 48
TESTB 359 21.0 1.75 .57 48
8.0ml TEST A 35.7 21.0 1.75 .57 48
TESTB 35.7 21.0 1.79 .56 A7
8.4ml TEST A 35.6 21.0 1.79 .56 47
TEST B 35.6 21.0 1.79 .56 47
8.8ml TEST A 35.6 21.0 1.79 .56 47
TESTB 35.6 21.0 1.77 .57 48
9.2ml TEST A 35.5 21.0 1.79 .56 47
TEST B 35.5 21.0 1.79 .56 A7
9.6ml TEST A 35.5 21.0 1.79 .56 47
TEST B 35.5 21.0 1.77 .57 48
10.0ml TEST A 35.5 21.0 1.79 .56 47
TESTB 35.5 210 1.79 .56 47



SAMPLE GROUP 11 - FAST RATE Bubble Surface

d/cm___ *C b/s Intenval Age
Oml TEST A 72.4 23.0 3.97 .25 .16
Aml TEST A 69.1 23.0 397 25 .16
TESTB 69.1 23.0 3.97 .25 .16
.8mi TEST A 63.2 23.0 4.05 .25 .16
TEST B 63.2 230 405 25 .16
1.2mi TEST A 57.7 230 435 .23 14
TESTB 577 23.0 435 23 14
1.6mi TEST A 53.3 23.1 455 22 13
TESTB 53.3 23.1 455 22 13
2.0mi TEST A 499 23.1 479 21 13
TEST B 499 231 479 21 13
2.4mi TEST A 47.2 23.1 4.90 .20 12
TESTB 47.2 23.1 490 .20 12
2.8ml TEST A 4438 23.1 5.21 .19 11
TESTB 448 23,1 521 .19 11
3.2mi TEST A 430 231 536 19 1
TESTB 43.0 23.1 5.35 .19 1
3.6ml TEST A 41.5 23.1 549 .18 .10
TESTB 41.5 23.1 5.53 .18 .10
4.0mli TEST A 40.5 23.1  5.49 .18 .10
TESTB 404 23.1 550 .18 .10
4.4ml TEST A 396 23.1 5.68 .18 .10
TESTB 396 231 5.68 .18 .10
4.8ml TEST A 390 232 5.69 .18 .10
TESTB 39.0 232 5.68 .18 .10
5.2mi TEST A 384 232  5.69 .18 .10
TESTB 384 232 569 .18 .10
5.6mi TEST A 38.1 232 584 17 09
TESTB 382 232 5.87 17 .09
6.0mi TEST A 378 232 589 17 .09
TESTB 378 23.3 5.89 17 .09
6.4ml TEST A 375 23.2 6.05 17 .09
TESTB 375 23.2 6.05 17 .09
6.8ml TEST A 37.2 23.2  6.05 17 .09
TEST B 372 232 6.07 17 .09
7.2mi TEST A 370 232 6.05 17 09
TESTB 370 232 6.03 17 .09
7.6ml TEST A 369 232 5.89 17 .09
TESTB 369 232 5.89 17 .09
8.0mi TEST A 368 233  6.04 17 .09
TESTB 36.8 233 6.05 17 .09
8.4ml TEST A 366 233 6.10 .16 .08
TESTB 366 233 6.10 .16 .08
8.8mi TEST A 36.5 233  6.07 17 .09
TESTB 36.5 23.3  6.09 .16 .08
9.2ml TEST A 36.3 23.3  6.10 16 .08
TESTB 36.3 233 6.07 17 .09
9.6mi TEST A 36.2 233 6.07 A7 .09
TESTB 36.2 233 6.09 .16 .08
10.0ml TEST A 36.0 233 6.11 .16 .08

TESTB 360 233 610 .16 .08



Sample Group 11 - Fast Rate Continued

10.4ml

10.8ml

11.2mi

11.6ml

12.0

12.4mli

12.8mi

TEST A
TESTB
TEST A
TESTB
TEST A
TEST B
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB
TEST A
TESTB

35.9
35.9
35.8
35.8
35.7
35.7
35.6
35.6
35.6
35.5
35.4
354
353
353
353
353
353
353

233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
23.3
233
233

6.29
6.29
6.29
6.26
6.29
6.29
6.29
6.29
6.29
6.29
6.29
6.29
6.29
6.29
6.29
6.29
6.29
6.29

.16
16
.16
16
16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
16

.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08



EQUILIBRIUM SURFACE TENSION POINTS
SAMPLE GROUP 11

CONCEN. SURF. TEN. B/SEC.
Amli 63.4 d/cm .10
.8ml 48.7 d/cm 13
1.2mi 44.2 d/ecm 14
1.6mli 40.1 d/cm 15
2.0mi 38.1 d/em 17
2.4ml 36.6 d/cm .19
2.8ml 35.7d/cm .19
3.2ml 34.7 d/cm .20
3.6ml 34.1d/cm .20
4.0ml 33.8d/cm .20
4.4ml 33.7d/cm .20
4.8ml 33.7d/cm .20

5.2mi 33.7d/cm .20
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S ensabyne instrument Div.

Chem-Dyne Research Corp.
P.O.Box 30430 Mesa AZ 85275-0430 USA
TEL: (602) 924-1744  FAX: (602) 924-1754

FAX MESSAGE, March21,1995 Pagetof /5

To: Dr. Jenan AFAtrash
Company: SDA . Soap & Detergent Assoc.
Fax: 212.213-0685
Subfect: Surface Tension Study

Dear Dr. Al-Atrash:

Enclosed are the CMC points and the Saturation points that you requested. Please keep
in mind that saturation points are not equiveient to equilibrium surface tension.
Equilibrium surface tension is only equal to saturation at the slowest bubble rate. If you
have any questions about this please call me.

The graphs anclosed are eniarged for better view. We aiso noticed that the prior graphs
sent were not on a proper log scale. ( we have been having trouble with this graphing
program) However the new graphs are correct and have been marked and labeled with
all four CMC'’s for each sample.

If we can be of further assistance please let us know. | am sending the originals with a

copy of our technical papars listing under separate cover, To avoid confusion the
ariginal graphes being sent to you are in full color.

Regards,

-

Tanya C. Christensen
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DYNAMIC SURFACE TENSION SATURATION POINTS

Swuration Coneenreation,  ____ Suxface Tension ot Seturation

Sempie 1

.24 bubbles/sec. 4.8ml additive 28.2 dynes/cm
1 bubble/sec. 8.8ml sdditive 312 dynes/cm
4 Lubbles/sec. 9.6l addigve 0.6 dynevcm
Samnple 2

.24 bubbles/zec. 4.4m! additive 303 dynas/em
1 bubble/see. RAmi additive 35.5 dynes/em
4 bubblev/cec, 10.3ml additive 41,9 dynes'em
Sample 3

24 bubbles/see., 4A4ml additive 25.2 dynes/em
1 bubblessec. 7.2mi additive 27.3 dynes/cm
4 bubblew/sec, S.2ml additive 27.5 dynes‘em
Sample 4

24 Yubbies'sec. 8.0mi additive 30.8 dynesvem
1 tubble/sec. 10.4m1 additive 42.9 dynce/cm
4 budbdleg/eee, 10.8m! addittve 53.8 dyneg/cm
Sample §

24 bubblea/ses, 4.8m! sdditive 454 dyneg/em
1 bubble/sec. 4.8m sdtirive 46.4 dynes/cm
4 bubdlca/see, 6.8m! additive 465 dynex/an
Sample 6

.24 bubbleyses, 3.oml additive 325 dyneg/cm
1 bubblesec. 6.41m1 additive 33.8 dynes/om
4 bubbles/sec. 7,2l wdditive 35.6 dynewem
Sample 7

.24 bubbles/sec, 13.2mi additive 52.2 dynes/cm
1 bubble/sec. 16.6ml additive 58.3 dyncw/cn
4 tubbles/sec, 9.2ml gdditive €9.8 dynes/om
Sample 8

.24 bubbdles/see. 9.2n1 additive 33.4 dynes/cm
1 bubble/zec, 10.4mi additive 38.9 dynes/cn
4 bubbles/zec. 11.2m! additive 46.9 dyneviemn
Semrple §

.24 bubblew/sec, 7.2l sdditive 3¢.1 dynevem
1 bubble/vec, 9.2ml 2dditive 354 dynes/em
4 bubblev/sec. 12.4ml additive 35.6 dynev/em
Sample 10

24 Yubblew/geo. 9.6ml additive 31.8 dynev/em
1 bubble/sec. 9.2ml additive 35.8 dynes/em
4 dubdles/sec. 12.0m!l ¢dditive 39.1 émes/em
Sgmple {1

.24 bubbles/sec. ¢.8ml sddittve 35.0 dynes/cm
1 bubble/gec, 9.2m] additive 33.5 dynes/cm
4 babbles/sec. 12.85m) additive 353 dynexem
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CRITICAL MICELLE CONCENTRATIONS
Sample } CMC Point
.10 bubbleyses, .0025 moles/100 m: H20 25 mM ve.
.24 bubbles/sec. .0028 males/100 mi H20
1 bubble/seo. .0040 moles/100 wl 120
4 bubblesisec, .0057 moles/100 mi 20 Yad X ,2mM
—_— — % 7. 2 m H
Sammple 2 CMC Point | 24 2l -
.10 bubbles/sec. 0029 moles/100 i H20
.24 bubbles/ceo. .0038moles/100 ml {20
1 bubble/sca. 0052 moles/100 mi H20 . ) M
4 bubbley/sec. .0079 moles/100 mi H20 cc@zs I"‘A,,JZ 625 L
Sample 3 CMC Doint /5N
.10 bubbles/see. 0015 raoles/100 mi H20 \
24 bubbles/sec. 0018 moles/100 mi H20 no mas
} bubble/see. 0024 moles/100 ml H20 c002d melotfy o que M
4 bubbles/see. 0030 moles/100 mi $20Q sesm T -
Sample 4 CMC Doint .001.(»4”/4 yed 0% 1
.10 bubbles/sec. 0031 moles/100 ml H20
.24 bubbles/sec. 0037 moles/100 ml H20
1 bubble/sec. 0043 moles/100 mi H20
4 bubbles/ses. L0050 moles/104 ml H20
Sarple 5 CMC >aint
.10 tubbles/sec. 0026 moleyv100 ml 120
.24 bubbles/sec. .0029 moles/100 ml 120
1 bubble/sec. 0033 moles/100 ml H20
4bubbles/sec. 0038 moles/100 ml 20
Sample 6 CMC Poing
.10 bubbles/sec. 0023 moles/100 ml H20
.24 bubbles/see. 0025 moles/100 ml {20
1 bubble/ses. 0027 males/100 mi H20
4 bubbles/sec, {0031 molew100 ml :z0
Sample 7 CMC Paint
.10 bubbley/sec, 022 moles/100 ml H2O
.24 bubbles/sec. .025 moles/100 mi H20
1 bubble/sec, 030 moles/100 ml H2O
4 bubdbles/sec. .019 moles/100 ml H20
Samplc 8 CMC Poime
.10 bubbley/sec, .0043 moles/100 mul H20
.24 bubbles/sec, 0052 moles/100 mi H20
1 bubble/see. .0077 moles/100 m} }120
4 bubbles/sec, 013 moles/100 ml H20
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CRITICAL MICELLE CONCENTRATIONS Cont.

Sample 9 CMC 2ot
10 bubbles/ses. .0045 moles/100 i HZO
.24 bubbdies/sec. 0052 moles/ 100 mi HZO
1 bubble/sen, .0063 moles/100 mi H20
4 bubbles/sec, 0074 maley/100 mi H20
Sample {0 CMC Pojnt
.10 bubbles/see. 0041 moles/100 mt H20
24 bubbles/sec. 0055 moles/100 ot H20
1 bubblefsec, 0075 moles/100 ml H20
4 bubbles/sec, .011 moles/100 mi K20

Sample CMC Pomt
.10 bubbles/sec. .0052 moles/100 mi 520
.24 bubbles/sec. .0076 moles/190 mi H20
1 bubtla/sec. .0090 moles/100 ml H20
4 bubbles/sec, .012 moies/100 mi HZO
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SensabDyne instrument Div.

Chem-Dyne Research Corp.
P.O.Box 30430 Mesa AZ 85275-0430 USA.
TEL: (602) 924-1744  FAX: (602) 924-1754

FAX MESSAGE, March2, 1995 Page1of3

To: Dr. Jenan Al-Atrash
Company: The Soap & Detergent Association
Fax: 1-212-213-0685
Subject: HWIH 6310-105 - Surface Tension Studles

Dear Dr. Al-Atrash:

Enclosed Is an additional summary of the surface tension test results. We hope that this
additional information, when combined with the information we sent earier, will allow you
to better interpret the data. If you have any further questions regarding what we have
sent, please call us.

Regards,

S

Tanya C. Christensen
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SUMMARY - Appendix 1

EQUILIBRIUM SURFACE TENSIONS

When an air/fluid interface is formed the surfactant molecules react by diffusing to the
interface. Itis only at this air/fluid interface that the surfactant molecules line up with their
hydrophobic ends pointed at the interface, and surface tension is lowered. The
concentration and the strength of the surfactant determines by how much the surface
tension is reduced. The speed of diffusion is also a function of the size and nature of the
surfactant molecule

The equilibrium surface tension points shown for each sample are points at which all
available surfactant molecules, for the particular concentration indicated, have fully
diffused to the interface. At a specific concentration we reach the lowest possible surface
tension (equilibrium) for a particular surfactant. Any surfactant added above this
concentration will not lower the surface tension any further. At this point there is an
overabundance of surfactant molccules still in solution.

Saturation Concentration Lowest Achievable Surface Tension

Sample 1 4.0 ml concentration 28.4 dynes/cm
Sample 2 3.2 ml concentration 30.1 dynes/cm
Sample 3 4.8 ml concentration 25.2 dynes/cm
Sample 4 5.2 mi concentration 30.4 dynes/cm
Sample 5 3.2 ml concentration 43.3 dynes/cm
Sample 6 2.8 ml conccntration 32.4 dyncs/cm
Sample 7 12.4 ml concentration 52.1 dynes/cm
Sample 8 5.6 ml concentration 30.8 dynes/cm
Sample 9 4.4 i concentration 33.3 dynes/cm
Sample 10 6.0 ml concentration 29.3 dynes/cm

Sampie 11 4.4 ml concentration 33.7 dynes/cm
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DYNAMIC SURFACE TENSION

Thedymmicmnfacctcnsiongmpluplotaﬂoftherawdaxammnsof Surface Tension
vs. Concentration at different bubble rates, to achieve a three~dimensional characterization
of the sample.

CRITICAL MICELLE CONCENTRATIONS (CMC’s)

Classical belief is that many surface tension - related properties such as detergency,
foaming and wetting. either maximize or minimize at the surfactant critical micelle
concentration (CMC). These relationships, however are based on classical measurements
limited to equilibrium surface tension conditions, when equilibrium hag been established
between the surface layer and the bulk solution. Dynamic surface tension measurements of
active surfactants indicate a shift in the CMC, as shown on the included graphs. These
show multiple CMC curves under dynamic conditions (different allowable diffusion times.)

On the information submitted we have marked the equilibrium CMC for the various
samples (The “knee” of the equilibrium curve for cach individual sample group).

We have also plotted the shift in the CMC curves (although each wasn’t specifically
marked) as thic surface age is reduced and we progress form equilibrium conditions to
dynamic conditions The shift is always towards increasing concentration & higher surface
tension. The higher surface tension values arc due to shorter surface age times where
fewer surfactant molecules arc able to migrate to the interface. At these shorter surface
ages the “dynamic” CMC point occurs at higher surfactant concentrations.

S
5
3
3

TOTAL P.@3



SensaDyne Instrument Div.
Chem-Dyne Research Corp.

P.O. Box 30430 Mesa AZ 85275-0430 U.S.A.
(602) 924-1744 FAX: (602) 924-1754

Message - March 11, 1997

To: Dr. John E. Heinze
Company: Technical Consultant
Fax 703 924 9365

Subject: SDA Surface Tension Tests

Dear Dr. Heinze

Thank you for your fax. Enclosed please find the information you requested on the instrument
_ description. The instrument used was the PCS000, which replaced the old 6000 as our
production model in late 1994. The instruments are functionally the same, except that the
PC9000 has upgraded flow controllers for better accuracy & precision.

Also enclosed, please find a listing of our technical papers and application nqt.es. If any of
these would be helpful to you, please mark them and we will make a second mailing.

If you have any further questions after reviewing this information, please do not hesitate to
contact us.

Best Regards,

ot

Tanya C. Christensen
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Surface Tension
Simplified

The surface tension of a fluid
is the tendency of the fluid to
“stick” to itself when there is
a surface between the liquid
and the vapor phase ( known
as an interface). A good
example is a drop of water
falling in air. The drop
assumes a spherical shape
due to surface tension forces.
that minimize its surface
given the volume.

Molecules at the surface of a
liquid exert strong attractive
forces on other molecules
within their vicinity. The
resultant force acting
perpendicular to a line of
unit length in the surface is
known as surface tension.
usually measured in
Dynes/Centimeter.

In the maximum bubble
pressure method. bubbles are
formed at the ends of two
immersed tubes of different
orificc diameters. The
difference in the maximum
pressures required to
generate bubbles in the fluid
is directly proportional to the
fluid surface tension.

In processes where new
liquid surfaces are created or
terminated. the classical
methods used to measure
surface tension. such as the
Du Noiiy ring or the
Wilhelmy Plate are
inadequate. The Maximum
Bubble Pressure method is
required to detect changes in
“active” surfactant
containing systems. Varying
the rate of bubble formation
allows the study of active
surfactants at various
surfactant molecule diffusion
times resulting in “Dynamic”
Surface Tension
Measurement.

Dynamic
Measurement

Active surfactants are known
to have dynamic
characteristics. Higher
surface tension results as the
interface development time
(Surface Age) is reduced.
limiting the time that
surfactant molecules migrate
to the interface. This allows
characterization of fluids in
two dimensions. Dynamic
Surface Tension versus
Surface Age (diffusion time).

The characteristics of a
surfactant can also be shown
in three dimensions. when
the surface tension is also
measured as a function of
Surfactant Concentration. as
well as Dvnamic Surface
Tension and Surface Age.



Surface Tension vs Tin—Lead Addltlve Concentratlons
The SensaDvne tensiometer 80
allows both intermittent and 70
comlm_xous measurements at 60
any point on the dvnamic
curve of an active surfactant 50
containing formulation. 40
Continuous measurement 30
capability also facilitates 20
process control applications 10
where surface tension is the
controlling parameter. 0.0 ml. 0.1 ml. 0.2 ml. 0.3 ml. 0.4 ml. 0.5 ml. 0.8 ml.
— Solution "B" - Solution "A"
At slow bubble rates the

surface age is approximately
equal to the bubble rate. As
the bubble rate increases the
surface age becomes a
decreasing percentage of the
bubble rate. If the bubble
rate is increased too much.
then bubbles begin to link
together in an oscillating jet
mode. An oscilloscope
software program is available
to verify bubble separation
and to very accurately read
bubble rate as well as surface
age at very fast bubble rates.




The SensaDyne
Surface Tensiometers

SensaDyne Tensiometers are
the most advanced.
computerized. instruments
now available for measuring
both static and dynamic fluid
surface tension.

Classical methods such as
the Du Noiiy ring, Capillary
Height. and others, require a
clear surface without
contaminants in order to
obtain accurate
measurements. These
methods cannot be used
where surface foaming
occurs. or surface debris is
present.

SensaDyne instruments can
continuously monitor surface
tension within fluid sample
streams. using a flow -
through cell arrangement.
The measurement is taken
within the body of the fluid
and is unaffected by any
surface contaminants.

SensaDyne Tensiometers use
a patented technology that is
a refinement of the
Maximum Bubble Pressure
Method. This method was
first suggested by Simon in
1851 and later developed by
Jaeger in 1917. The first
viable commercial
instrument was introduced by
SensaDyne in 1982, and a
subsequent design was
interfaced with a computer
several vears later. allowing
use of software tools that
make even complex three
dimensional studies
relatively straight forward.

The maximum bubble
pressure method avoids
error-causing effects by
measuring surface tension
within the body of the fluid.
It is the "Simplest Accurate
Method” for measuring
surface tension. A
comprehensive mathematical
analysis of the maximum
bubble pressure method can
be found in U.S. Patent No.
+4.416.148 (covering the
SensaDyne technology.)

Two probes having orifices
of diffcrent diameters are
positioned below the surface
of the liquid. A pressurized
process gas source forms
bubbles in the liquid. and the
differential pressure of the
bubbles is measured and
equated to the surface tension
of the measured liquid.

Unlike other maximum
bubble pressure methods.
The SensaDyne's patented
double probe method allows
complete independence of
immersion depth. for
accurate repeatable results.
The Tensiometer’s
pneumatic system provides
constant volumetric gas flow.
making the flow independent
of down-stream pressure.
Flow rate to each orifice is
adjustable through external
valves. This allows interface
formation time (bubble rate)
selection from up to forty or
more bubbles per second to
one bubble every thirty or
more seconds. Bubble rate.
fluid temperature and fluid
surface tension are displaved
on the computer’s video
terminal.

SensaDyne Tensiometers
are the only commercially
available instruments that
replicate ASTM test
method D3825-90 Standard
Test Method “Dynamic
Surface Tension by the
Fast-Bubble Technique”



I Temperature I

The surface tension of a
liquid generally increases as
the temperature decreases.
and vice versa. In the
SensaDyne. a temperature
probe is immersed in the
fluid at orifice level to always
provide a temperature
reading with a resolution of
0.1 degrees C.

Computer Interface
and Operation

SensaDyne Tensiometers
interface to a personal
computer using a plug-in
computer interface board.
The Software program allows
display. storage and
collection of data. redisplay
of stored files. and graphing
of surface tension related
data.

The SensaDvne unit
functions as a computerized
sensor with the ability to
store real-time surface
tension values. and provide
visual displays of the
monitored parameters. Each
time a bubble is generated at
the orifice, the SensaDvne
makes a discrete surface
tension measurement. This
is output as a moving
average surface tension
value. If the process
changes. the tensiometer
readings will track the
change. The SensaDvne
instrument can be used for
simple. quality control
measurements or integrated

into the most complex
closed-loop process control
system.

The SensaDyne does not
require a skilled. experienced
technician for operation.
Calibration is entirely a
function of two known
standard fluids and the
surface tension values of
each. The computer program
calculates and stores the
required calibration curve.
Each step of the calibration
procedure is displaved and
operator-prompted on the
computer terminal in a step-
by-step sequence.

Surface Age
Determination
Software Program

UNKELSCOPE ®
SOFTWARE PACKAGE
Unkelscope software is used
to emulate an oscilloscope
and display the bubble
pressure waveform. This
allows verifving that at high
bubble rates. bubbles are not
linking together . It also
allows precise verification of
bubble rate and surface age.



I APPLICATIONS I INKS & FOUNTAIN SURFACTANT
SOLUTIONS DIFFUSION RATE

STUDIES
I__IPROCESS CONTROL Formulations can be

compared and press The SensaDyne instrument’s

performance more accurately analog outputs include the
On-line measurement and predicted at higher speeds. differential pressure
process analysis and control. Many coating products transducer signal. When
using surface tension can contain active surfactants used with the Unkelscope®
achieve increased product that directly influence quality program, this allows precise
uniformity and decrease during the application measurement of surface age;
waste, and over-all product process. of the time available for
cost.

surfactant molecules to

migrate from the
CRITICAL MICELLE surrounding fluid to the
CONCENTRATIONS air/liquid interface.
CMC’s can be quickly

WAXERS, STRIPPERS &
DEGREASERS

Formulations and the effects
of different surfactant

determined by plotting
Surfactant concentration
versus surface tension.

! |

I additives can be compared.
Effeet of Ammenn ba ‘o Emnubulrer AEROSOLS &
1 T COSMETICS :
I~ [ IACTIVE SURFACTANTS I

Comparison of spray

formulations that are aerosol Problems can be defined

applied are subject to time- and mitigated by testing
N B T T limited surfactant diffusion formulations and obtaining

rates. a three dimensional

characteristics plot.

SEMICONDUCTOR
PLATING BATHS

Concentration and usage of
additives can accurately be
determined by measuring
surface tension.

I DETERGENTS I

Detergent formulations
require surface tension
studies to understand and
optimize performance, since
many surfactants commonly
used are active in nature.
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DETERMINING THE I PHARMACEUTICALS I
CONCENTRATION OF

ADDITIVES

Surface tension
measurements can be utilized

The concentration of in pharmaceutical

additives can be determined. applications in diverse areas
as illustrated by this such as pharmaceutics
example. Concentrations absorption rates. additive
can be mixed and measured (solid) dissolution rates. the
and reference curves influence of salts on the
generated . dvnamic surface tension of

colloids. and critical micelle
concentration studies.
Surface tension
measurements can determine
- K the quality of additives prior
" N\ . .

“ to their use. as well as being

used as a quality check.

Surface Tenuion vs Tin-Lesd Additive Concentrations

COATINGS , PAINTS &
VARNISHES

FLUID
CONTAMINATION
DETECTION

Many coating products
contain active surfactants

that directly influence quality
during the application
Detection of unacceptable process.

contamination in fluids is a
critical application for the
SensaDvne Tensiometer.

|
i




SensaDyne Users U.S.A.

(Partial Lisung )

3M Company

ARCO Oil & Gas Co.

Aur Products & Chemicals Inc.
Allied-Signal Inc.

Aluminum Co. of America
American Cynamud Co.
Amkor Electronucs. Inc.
Analog Devices Semiconductor
Anchor:Lithkemko

Appleton Papers

Anistech Chemicat Corp.
Avery International

BASF Corporation

Betz PaperChem

Bochringer Ingelheim Ltd.
Boise Cascade Paper Group
Bristol-Meyers Squibb Co.
Bums & Roe Pacific Co.
CPS Chemical Process & Supply
Celanese Fibers Operations
Chicago Magnet Wire Corp.
Clorox Company
Colgate-Palmolive Company
Combustion Engineering, Inc.
Conoco. Inc.

Danbury Printing & Litho
Desoto. Inc.

Delco Electronics Corp.
Dexter Corporation
DiversyWyandotte Corp.
Domino Amjet. Inc.

Dow Chemical U.S.A.

Dow Corming Corporation
Dubois Chemical

E.I Dupont de Nemours & Co.
Eastman Kodak Company
Ecolab Inc.

Ecotec

Exxon Chemical Company
Faber-Castell Corporation
Flint Ink Corporation

Fujitsu Microelectronics. Inc.
G.E. Chemicals, Inc.

Garden State Paper Co.
General Electric

George A. Goulston Co.
Glidden Companyv

Helene Curtis

Henkel

Hewlett Packard
International Blending Corp.
Itausa Export North America
James River Corporation
Johnson-Matthey

KTI Chemicals
Kimberly-Clark

Kiwi Brands. Inc.

Kraft General Foods

L&F Products (Minwax)

M-I Drilling Fluids Co.
Manville Sales Corp.

Mead Imaging

Miller Brewing Company
Mississippi Chemical
Monsanto Company

Morton Thiokol Int'l.. Inc.
Motorola. Inc.

Nashua Corporation

Naval Air Propulsion Center
Olin Corporation

Olin Hunt .
Owens-Coming Fiberglas Corp.
Pitney Bowes

Polaroid Corporation
Printing Developments. Inc.
Proctor & Gamble
Reichhold Chemucals. Inc.
Revnolds Metals Company
Rhone-Poulenc A.G. Co.
Rochester Film Company
Rockwell International
Rohm & Haas Company
Rvcoline Products. Inc.
S.C. Johnson Wax

Sandoz Pharmaceuticals
Sauder Woodworking Co.
Shell Development Company
Sherwin-Williams Company
Smith Kline & French Labs
Standard O1l Co.

Stepan Comapny

Sun Chemical

Technic Inc.

Texaco Inc.

Texas [nstruments

Upjohn Company

U.S. Department of Energy
U.S. Department of Agriculture
Union Camp Corporation
Union Carbide Corporation
University o f Arizona
University Of Illinois
University of Missoun
University of Oklahoma
University of Washington

I International Users I

(Partial Listing)

3M Company - Belgium

Abitibi-Price, [nc. - Canada
Agfa-Gevaert N.V. - Belgium

Akzo Fibers bv. - The Netherlands
Alberta Research Council - Canada
Ankor/Anam Pilipinas Inc. - Philippines
Baglint Inchiostni S.P. A - Italy

Bayer AG - Germany

Casco Nobel Inks Ltd. - Denmark
Colgate Palmolive Inc. - Belgium
DaiNippon Inks - Japan

Dawson College - Canada

Diversey Wyandotte. Inc. - Canada

Dow Chemical Inc. - Canada

Dow Coming Co.. Ltd. - Japan
Druckerel-Service GmbH - Germany
Electro-Nite International N.V. - Belgium
Exxon Chemical Ltd. - United Kingdom
F.T. Wimble & Co. Ltd. - Australia
Government of the Republic of Korea
H.S. Manufacturing Co., Inc. - Korea
Horsell Graphic Ind. Ltd. - United Kingdom
IBM Canada Ltd. - Canada

ICI Fibers - United Kingdom

Industries Resistol S.A. - Mexico

Inst. Columbiano del Petroleo - Columbia
Itaucom - Brasil

L’Oreal - France

Lester Graphics & Systems Ltd. - Canada
Liri Industriale SRL - Italy

Mitsubishi Heavy Industries - Japan
Motorola Electronics - Taiwan

Nissin Chemical Industry Co. - Japan
Philips Semiconductors - Thailand
PolyChrome Ltd. - United Kingdom
Potash Corp. of Saskatchewan - Canada
Rhone-Poulenc - France

Ricoh Co.. Lud. - Japan

Sandoz AG. Werk Muttenz - Switzerland
Schering AG. Wolfenbuttle - Germany

Shell Canada Ltd. - Canada

Swvncrude Canada Ltd. - Canada

Tovo Ink Manutacturing - Japan
UCB S.A. Div. Spec. Chimiques - Belgium
Unilever Nederland - The Netherlands
Union Carbide S..\. - Switzerland
University de Bologna - [taly
University ot Otago - New Zealand
WFK - Forschungsinstitut - Germany
Weverhaeuser Canada - Canada
Nerox Research Center - Canada

I International Agents I

Belgium -
Thermo Instrument Systems
TEL: (0) 9-3485841

Luxemburg, Netheriands -
ThIS Scientitic B.V.
TEL: (0) 70-3909079

Denmark. Finland, Norway, Sweden -
Detertec Ltd. Oy
TEL: (9) 21-24-36370

Eire, United Kingdom -
Scientific & Medical Products Ltd.
TEL: 161-434-3466  445-2434

France/Switzerland-
J.Bibby Science Products S.A.
TEL: (1) 64-45-1313

Germany-
Thermo Instrument Systems GmbH
TEL: 231-617078

Australia, New Zealand -
G&C Instrument Services Pty., Ltd.
TEL:. (02)651-2811

India -
Technology & Marketing Services Int’]
TEL: 461-7936

Japan -
Ebara Densen Ltd.
TEL: 0466-81-0227

Korea -
Shinhan Scientitic
TEL: (02) 561-2431

Taiwan R.O.C.-
Otolab Instruments Ltd.
TEL.: 886-2-2267505

Hong Kong, Indonesia, Malaysia,
Philippines, Singapore, Taiwan, R.O.C.,
Thailand (Semiconductor Applications) -
Technic Electroplating & Eng. Pty., Ltd.
TEL: 284-0900 / 284-0984

Malaysia-
Mendien-Point SDN. BHD.
TEL: (603) 495-8262

Hong Kong / China-
Guyline Technologies Ltd.
TEL: (852) 2856 0606
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PC9000

FEATURES:

* Adjustable Bubble Rate:
Max: 40+ Bubbles/Second
Min: I Bubble Every 30+ Second

* Operates with External
Regulated Drv Air, Nitrogen,
or [nert Process Gas Supply.

* Very Simple Operation.

* Simple Menu-Driven
Calibration for Surface
Tension and Temperature.

* Independent Large and Small
Orifice Flow Controllers.

* Heavy-Duty Probe Assembly Stand
with 7.5” (19 cm.) Vertical and 9™
(22.8 cm.) Horizontal Adjustment.

* Precise Active Surtactant Ditfusion
Rate (Surface Age) Determination.

* Comprehensive, Optional
Process Control Package.

* Optional Stainless Steel
Fittings, Components,
and Teflon® Tubing.

* Hardware and Sottware
Peak-Detection Options:

Accuracy within
+/- 0.05 Dynes/Cm.

IAPPLICATTONS: !

* Laboratory Uses:
- Research & Development.
- Quality Control.
- Surtactant Research.
- Formulation Optimization.
- Contamination Testing.
- Active Surtactant Diffusion
Rate (Surface Age) Studies.
- Measuring Viscous Fluids.
- Fast CMC Determination.
- 3D Characterization of Active
Surfactants/Formulations.
* Continuous and Intermittent
Testing Capabilities.
* Continuous Flow-Through and
Process Control Configurations.

PC9000

ADVANTAGES:

ALL SENSADYNE

MODELS:

* Measure Both Dynamic and Static
(Equilibrium) Surface Tension.

* Allow Accurate, Continuous
Real-Time Measurements.

* Intertace with PS/2 and Standard
[BM or Compatible Computers.

* Provide Computerized
Data Collection & Graphing.

* Most Accurate, Advanced
Surtace Tension Instrument
on the International Market.

* No Expensive and Fragile
Platinum Rings or Plates,
Lenard Frames. or Syringes.

* No Ring Detormation.

* No Special Training Required.

* Simple Set-Up and Operation.

* Uses the Moditied Maximum
Bubble Pressure Method tor
Simplicity, Precise Accuracy,
and Repeatability.

* Independent of Probe Depth.

* Unattected by Foaming
or Surface Contamination.

* Capable Of Measuring Very
Viscous Fluids, and Fluids
with High Solids Content.

* Two (2) Variable, Constant
Ditferential Flow Controllers
Provide Accurate, Consistent
Bubble Rates. with Maximum
Adjustment Flexibility.

* Unkelscope® Ir. Software
Included tor Diftusion Rate
(Surtace Age) Determination.
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ABSTRACT

Many surface related properties such as detergency, foaming and wetting are
believed to either maximize or minimize at CMC. However, these foundations
are traditionally based on the CMC determined at equilibrium state by static
methods. We will show that dynamic property measurement can reveal the
most effective concentration of surfactant which is not necessarily related to
the equilibrium CMC value. These properties consist of surface and
interfacial tensions, surface viscosity, wetting and foam stability. Time factor
inclusion in dynamic property measurements generates a non-equilibrium
state which is indeed the practical state for surfactant consumption in many
industrial applications, including spray cleaning, oil recovery agricultural
sprays, emulsion polymerizations etc. Results correlating dynamic surface
tension with end use application will be presented.



Introduction:

Surfactants are known for their performances at low critical micelles
concentration (CMC). Many surface related properties are believed to either
maximize or minimize around the CMC. These foundations are traditionally
based on the CMC determined at equilibrium state by static surface tension
(SST) measurements using DuNouy ring or Wilhelmy plate methods. Since
surfactants face severe conditions of non-equilibrium state (Dynamic
processes) in any industrial application, therefore dynamic surface tension
(DST) measured at NON-EQUILIBRIUM state may be preferred over SST
EQUILIBRIUM state data.

We have used the Sensadyne 6000 instrument to measure the DST by means
of air bubble formation inside liquid solution. This instrument allows you to
select the rate of the bubble formation, control it, and regulate it so that the
surfactant behavior at the gas/fluid interface can be studied. DST
measurement is corrolated to the surfactant migration to the bubble surface
which is closely monitored by dynamic environment variation or bubbie
formation rate variation. DST in contrast to SST is able to determine the
optimum concentration at which surfactant effectiveness is at its highest and
very essential to its industrial application. Other studies also essential to
industry such as; water hardness effect, temperature effect, salt (electrolyte)
effect and their correlation with dynamic surface tension are easily adoptable
here as well. We will show the effect of two electrolytes; sodium
metasilicate and NaOH on DST values of C3-40P surfactant.

Discussions:

Laplace equation P-P0 = ZK/r + phg is used to determine the dynamic
surface tension ¥ by measuring the maximum air pressure P necessary in
capillary tube to form a bubble in solution. The effect of liquid density 2,
capillary depth h, gravity g and atmospheric pressure Po on ¥ are eliminated
by placing the second capillary tube in solution. Measuring the pressure
difference AP between two tubes allows cancellation of all constants 8, h, g
and Po and direct § measurement.

° Figure 1 shows the plot of DST vs. bubble frequency for 0.01% 2A-1L. Notic
the large difference between DST and SST values as well as the wide range o
DST distribution (24 dynes/cm) which indicates that the effectiveness of this
specific surfactant concentration could easily change depending on the type o
the dynamic process present.

[ Figure 2 plots the DST and SST vs. POLY-TERGENT ® cg-40P
concentrations. This figure shows:

a. Surface tension is dependent upon dynamic processes.

b. Large difference between DST and SST for
concentrations lower than 0.5%

c. Static CMC break (equilibrium) shifted to higher
concentrations for dynamic measurements (non-,
equilibrium).

d. The optimum concentration with the highest
effectiveness is expected to be at 0.5% or slightly higher.



Figures 3-4 show that low surfactant concentrations below the
dynamic CMC are dynamic dependent (even at static CMC). However,
as soon as dynamic CMC is reached surfactant concentrations become
dynamic independent.

Figure 5 shows the electrolyte effect on surface tension of C9-40P
surfactant. DuNouy ring method is used here to measure the static
surface tension (SST). Although, the figure shows slight decrease in
CMC. However, the SST method fails to recognize any significant
change caused by electrolyte. Next, we will show how precisely the
DST method realizes the changes reflected by electrolyte.

Figures 6-8 show the major electrolyte effect on improving the
diffusibility or better migration of surfactant to bubble surface in buik
solution. Better surfactant migration to surface generates more
populated surface leading to lower surface tension which is exactly
what DST observed while SST failed. Electrolytes are expected to
affect the surfactant property such as diffusibility. Our dynamic
surface tension studies (Figure 6-8) show that the same effect which
are distinct CMC lowering and surface tension lowering for
concentrations below CMC.

Figures 6-8 show that 0.3% electrolyte lowered both CMC value and
surface tension of concentrations lower than CMC.

Table 1 lists interesting results for pure water consisting electrolyte.
SST measurements show significant electrolyte effect on water while
DST method observed no effect at all. This indicates that in bulk
solution, electrolytes do not change the diffusibility or migration of
water molecules to the bubble surface therefore, DST does not change.
In contrast to bulk solution at air/liquid surface, water diffusibility is
affected when exposed.to aeroso.

Wetting time measurements shown in Table 2 and Figs. 9-12 appear to
be closely related to the dynamic CMC break rather than the static
CMC. Wetting time resuits show that both surfactants are better
wetting agents at higher concentrations closer to the dynamic CMC
break (0.5%). They become bad wetting agents as concentrations are
lowered toward the static CMC break (0.05 %).

Table 3 illustrates the correlation between hard surface cleaning and
Dynamic Surface Tension (DST). Three C-Series surfactants with Cio-
Cq3, C1g hydrophaobe chains were examined. As hydrophobicity
increaseg DST values increased, indicating a decrease in surface
penetration rate by longer chain surfactants. In another world DST
values predict lower cleaning performance for longer hydrophobe
surfactant which is in complete agreements with hard surface spray
cleaning results shown in Table 3 "The longer the hydrophobe, the
higher the DST value therefore, the lower cleaning performance”.

Table 4 shows slight increase in sequestering, but larger increase in
DST meausrements for longer hydrophobe surfactants. Sequestering
property of C-Series is perhaps due to carboxyl groups in hydrophilic
heads and not related to hydrophobicity. However, since the DST
changes are in the same sequence as sequestering variations, it



indicates that there could exist a possible relation between D3ST and
sequestering property which we do not understand it at this time to
draw any conclusions.

Table 3-4 show less surface activities (higher surface tensions) for C-
Series with longer hydrophobe chain tail while theoretical prediction is
totally the opposite "The longer the hydrophobe the higher the surface
activities". This theory is based on static measurements, normally
using DuNouy ring method which examines very aged surfaces that
have reached equilibrium state. Figures 13-15 attempt 10 explain why
the traditional theory based on static measurements (equilibrium state)
is not always true in contrary the dynamic (non-equilibrium state)
results are more logical and scientifically acceptable.

Static Equilibrium State: Static methods such as DuNouy ring
ignores the time factor while measures surface tensions. Time
elimination provides unlimited time (more than 1 minute) for any
surfactant with either short or long hydrophobe tail to diffuse
and migrate to the air/liquid surface. Therefore, the gravity
effect which partially determines the movement or diffusibility of
the surfactant becomes meaningless, since both surfactants
populate the surface until saturation well before the ring
detachment takes place.

Two surfactants with the same size and type polar heads but
different size hydrophobic tails will most likely have the same
population number of molecules on the surface. Since their
hydrophobe tails are sticking out in the air, of course the ane
with longer chain tail reflects higher surface activities (lower
surface tension) on the ring. These measurements (by ring or
Wilhelmy plate) would have been true surface tensions only if
equilibrium is reached every time surfactant is used in any
practical application. However, in real life it is near impossible to
achieve such an equilibrium since anything we do is
mechanically or dynamically oriented. For example, in laundry
machines cycling creates non-equilibrium state for surfactant or
in oil recovery, surfactant faces severe pressures which causes
non-equilibrium. Therefore, it is logical and more practical if a
dynamic environment is created (non-equilibrium) during the
surface tension measurements.

Dynamic Non-Equilibrium State: Bubbling air in solution and
controlling the bubble formation rate generates a non-equilibrium
state dynamically, and provides a certain limited time for
surfactants to diffuse and migrate to.the bubble surface. . At the
fast rates between 0.5-3 bubbies/second, surfactants are given
a short time period to migrate and those with longer chain tails
are heavier and diffuse to the surface much slower than the
shorter chain ones. As a result, less number of heavier
molecules can reach the bubble surface compared to lighter
molecules (short chain tails), therefore higher surface tension
would be expected as shown in Tables 3-4. :




In contrary if slow bubble formation rate is used to form about 1 bub
per minute then the uniimited time (equilibrium) is given to surfactant
migrate to the surface and results approaches the static methods. In
conclusion one may examine the hydrophobicity effect and measure -
opposite results depending on the applied method. "Static methods
(equilibrium) measure low surface tension for long chains while dynar
method (non-equilibrium) reports the opposite”.

In the past decade, dynamic surface tension studies has gained attention ar
shown in tables 5-7 a great number of industrial facilities both in states anc
abroad are now interested in dynamic measurements. We hope to evaluate

surface properties of our surfactants dynamically and provide more technic:
useful data for our customers.



Figure 1: Dynamic Surface Tension
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Static Surface Tension vs. C3-40P Wt.%
0.3% Na2SiO3 Electrolyte Effect on SST
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TABLE 1
SST AND DST MEASUREMENTS FOR PURE WATER
AND WATER PLUS ELECTROLYTES
SURFACE TENSION (DYNES/CM)
STATIC DYNAMIC
NO ELECT 72 72.9
Na2Si03 0.6% 52.5 72.7
Na2Si3 0.3% 51 72.5
NaOH 0.3% 53 72.6
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TABLE 2 WETTING TIME MEAUSUREMENTS {SECONDS)

SURFACTANTS WT% 3% 1% 0.5% 0.25%

0.1% 0.05% 0.0 25%

C9-51P 2 4 18 52
ALKOXYLATED LINEAR (0] 0 (o] 4
ALCOHOL

TL: TOO LONG TO MEASURE

363 TL TL
20 104 667



Wetling Time (Seconds)

Welling Time (Seconds)

Wetting Time Measurements.
C38-51P Surtactant
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Wetting Time Measurements.
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TABLE 3

DYNAMIC SURFACE PROPERTY MEASUREMENT OF
AQUEOUS SURFACTANT SOLUTIONS

SURFACTANT HARD RFA DST (DYNES/CM)
0.1% by wt.
ily spra particulate soil
135081 240F 1379F/1245F
C10-86 96/90 88/44 41
c13-88 77/68 31/21 52
C16-82 28/10 25/18 58
TABLE 4

DYNAMIC SURFACE PROPERTY MEASUREMENT OF
AQUEQUS SURFACTANT SOLUTIONS

SEQUESTERING PROPERTY

SURFACTANT ALCIUM TERIN T (DYN M)
0.1% by wt. (in mg. Ca/g. Surfactant)
pH11 pH12.9

C10-85 13 24
Cc13-88 17 26 52
C16-82 19 29 58



Welling Time (Seconds)

Wetling Time (Seconds)

Wetting Time Measurements.
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Wetting Time Measurements.
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THREE-DIMENSIONAL CHARACTERIZATION OF ACTIVE SURFACTANTS
Victor P. Janule

SensaDyne Instrument Division
Chem-Dyne Research Corporation
P.0. Box 17968
Milwaukee, Wisconsin 53217-0968 U.S.A.

ABSTRACT

Active surfactants are known to have dynamic characteristics when surface
tension is determined as a function of interface development time. Higher sur-
face tensions result as interface development times are reduced. This allows
the characterization of a fluid in two dimensions, surface tension versus in-
terface development time, which includes both the static (or equilibrium) and
dynamic zones. When a fluid's surface tension is further measured as a func-
tion of surfactant concentration, then the action of the surfactant can be

characterized in three dimensions: concentration, surface tension, and inter-
face development time.

The method presented can be applied readily to active surfactants added
to coatings, aqueous solutions. fountain solutions/ink emulsions. and other
chemicals or formulations for which surface tension can be measured using the
modified maximum bubble pressure method. In the example presented, the Sensa-
Dyne Tensiometer was used with several auxiliary software programs, one for
accurate determination of interface development times, and a second program
for three-dimensional graphing of the data.

INTRODUCTION

The SensaDyne Tensiometer uses a patented technology that is a refinement
of the maximum bubble pressure method. This method was first suggested by Simon
in 1851 and later developed by Jaeger in 1917. The first viable commercial
instrument was introduced in 1982, and a subsequent design interfaced to the
personal computer several years later, allowing us now to use software tools
that make three dimensional studies relactively straight forward.

This modified maximum bubble pressure method is illustrated in Figure 1,
showing a descriptive diagram of two capillaries of different radii immersed
beneath a fluid surface. Process gas, bubbled through these tubes produces a
differential pressure signal, the value of which is used to calculate fluid
surface tension. The resulting differential pressure equation includes effects
of fluid head (h), density of the liquid (f), and gravitational constant (g).
These are effectively cancelled if the orifices are oriented to allow the bub-
bles to release at the same height. This normal probe arrangement can be modi-
fied to use inverted probes to mitigate problems of bubble distortion that can
result in viscous coatings or fluids with a high solids content. These inverted
probes allow unobstructed upward release of the bubbles in the fluid.

The rate of gas flow to the orifices is a user-controlled feature of the
SensaDyne Tensiometer, allowing the bubble rate to be varied, and consequently
the interface development time. The amount of time it takes the bubble to form
and release from the orifice is also the amount of time available for the sur-
factant to migrate to the interface where it can lower the surface tension.



By measuring surface tension at different bubble rates in a fluid or coating
that has an active surfactant. a dynamic surface tension graph can be plotted
similar to the one shown in Figure 2. In this example, the dynamic curves of
two different fluids are plotted. The curve results when the values obtained at
different bubble rates are connected. The transition from the dynamic to the
static zone occurs where the curves level off horizontally.

The instrument operates by generating a sawtooth wave from the electronic
output of a differential pressure transducer, as illustrated in Figure 3. This
is an accurate representation of the pressure waveform that occurs at the small
orifice. The electronics track each bubble as it forms until a peak is reached
{the maximum differential bubble pressure]. This peak value is captured and
then updated with each subsequent peak value. The resultant steady state output
is an effective "moving average" of discrete surface tension measurements that
accurately tracks the surface tension of the test fluid or coating.

This technology allows the instrument to be used for intermittent or conti-
nuous measurements at any point on the dynamic curve where an active surfactant
is present. The continuocus measurement capability enables pr&éess control using
an enhanced version of the same software program [UnkelScopel™] that is used for
interface development time verification.

At slow bubble rates, the interface development time is approximately equal
to the bubble rate [peak to peak value] that is displayed on the computer screen.
If desired. this can also be stored on disk in a data file along with surface
tension values and fluid temperature. As the bubble rate is increased, as illus-
trated in Figure 4, it becomes increasingly difficult to verify the bubble
formation time from the computer software's normal strip chart program option.

Verification becomes increasingly important as the bubble rate increases
because the interface development time becomes a decreasing percentage of the
peak to peak time [bubble rate]. A second problem occurs because a specific-sized
orifice will only generate a limited number of discrete bubbles per second as
the flow rate is increased before the bubbles are forced out so fast that they
begin to link together. For example, a 0.5 MM. orifice can support approximately
ten to twelve discrete bubbles per second while a 0.25 MM. orifice can go as high
as twenty to twenty-five bubbles per second.

To address these problems, a supplemental software program is used to turn
the computer into an oscilloscope, with the screen allowing a display such as is
illustrated in Figure 5. This display covers a one second time frame, showing a
frequency of four bubbles per second. An auxiliary feature of this software
allows any display to be captured in memory. It can be brought back to the screen
and then a pair of cursors can be moved along the waveform. One is positioned at
the start of bubble formation and the second at the peak value (as illustrated).
The time between cursors is automatically calculated and displayed in the left
side data column (not shown) allowing the accurate determination of bubble form-
ation time and consequently the maximum allowable surfactant migration time.

Figure 6 illustrates a condition that approaches an oscillating jet: the
flow is too great for the orifice size and bubbles have started to link together.
In this particular example each large peak represents a single discrete bubble.
Each small peak represents a pair of bubbles that are linked together.

® Registered trademark of M.I.T.



The progression from Figures 5 to 6 would be an increasing number of large
peaks until a single small peak would result as the first pair of bubbles link
togecher. As the flow rate increases the number of small peaks would increase,
until eventually the large peaks disappear and no single bubbles emerge from the
orifice. Because the instrument cannot distinguish between a valid peak (maximum
bubble pressure) and a small (false) peak, it will average the waveform, causing
an invalid. and often fluctuating, surface tension output reading.

At fast bubble rates, it is important to set the instrument up to generate
valid data, by generating a series of individual (non-linked) bubbles from the
worst case fluid to be used. Otherwise there is a risk that the instrument will
be calibrated and used, and the resultant data may not be valid. The worst case
is the the waveform and bubble rate that results in the lowest surface tension
fluid to be measured, either for testing or calibration. Typically, the worst
case is when alcohol is used as the lower surface tension calibration standard.

If alcohol is the only low surface tension calibration fluid available, this
problem can be mitigated by calibrating the instrument with water and alcohol,
formulating and accurately measuring a "new" water/alcohol mixture (for example,
in the 40 to 50 dynes/cm. range), and using this mixture as the "new" low sur-
face tension standard. This moves the worst case lower limit from the 20 dynes/cm.
range into the 40 to S50 dymes/cm. range.

EXPERIMENTAL

Materials

Regain NF is a heavy duty liquid stripper/degreaser that exhibits known
dynamic characteristics due to an active surfactant. It has been tested at va-
rious times to generate dynamic curves. Solubility in water is complete, and
is stable under normal handling conditions. 1It's overall characteristics are
representative of water-based coatings, inks, fountain solutions, and most
fluids that contain active surfactants. The dynamic curves for Regain NF are
similar to the examples shown in Figure #2, for Fluids A and B. Regain NF is
composed of the chemicals listed in Table 6.

Deionized water [surface tension of 72.9 dynes/cm. @ 20 degrees C.] and
ethyl alcohol [surface tension of 22.4 dynes/cm, @ 20 degrees C.] were used as
calibration standards.

Procedure for Dynamic Surface Tension Determination

In this method, the titration of the Regain NF was carried out in aqueous
solution and monitored by using the SensaDyne Model 6000 surface tensiometer.
A series of five different bubble rates were selected and the SensaDyne instru-
ment was calibrated at each bubble rate, prior to data collection.

The cell was placed on a laboratory stirrer, and the Regain NF was intro-
duced into a 100ml aqueous base in increments of 0.2 ml. After each incremental
addition, a stirrer was turned on to mix the solution and then turned off to
allow the solution to stabilize. When the surface tension reading stabilized
after stirring, the data was captured and sent to a user-named ASCII file
[R-1.TXT, etc.] by pushing a function key (F2) on the computer keyboard.
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In addition to the file name. the user enters an alphabetical label [A to Z]

and up to a thirty character comment. The resultant data is shown in Tables 1
through S.

RESULTS AND DISCUSSION

Each of the five sets of data generated by the titrations can be plotted
in two dimensions. similar to Figure 2, as a function of surface tension versus
concentration. Figure 7 shows two-dimensional test plots at the five bubble rate
settings. The resultant two-dimensional graph shows a nest of five curves with
the higher curve having the fastest bubble rates. The higher surface tensions
over the same concentrations are the result of reduced dynamic surfactant migra-
tion times. These same curves can be better shown in a three-dimensional context
by re-plotting them, as in Figure 8. Here, each two-dimensional curve is taken

from Figure 7 and re-plotted along a third axis at corresponding bubble frequencies
(bubbles/second].

The data sets in Tables 1 through 5 can be further manipulated to form a
series of two-dimensional plots of surface tension versus bubble frequency, with
each plot at a different concentration, by plotting the data in all the "A' rows,

"B" rows, etc. These plots are shown in Figure 9, in a three-dimensional context
for clarity purposes.

The data in Tables 1 through 5 are in ASCII format and can readily be
imported into various spreadsheet or word processing programs for comnsolidation,
and to develop the three-dimensional data matrix needed for a graphing program.
Entering the data for surface tension, concentration, and bubble fregency into a
three-dimensional graphing program results in the graph shown in Figure 10. This
particular graph was done using "Foxgraph" by Fox Software, although any similar
three-dimensional plotting program can provide similar suitable results.

Figure 10 shows the effects on surface tension when concentration and bubble
rates are varied. These results can be correlated to any time-dependent coating,
spray, or dynamic fluid application process where a dynamic surfactant has a
time constraint placed upon it due to the speed of the process. By testing the
fluid or coating and obtaining the three-dimensional characteristics, operation-
al and quality control problems can be more readily defined and mitigated.

The data can further be revised to reflect accurate interface development
times instead of peak to peak bubble rates, as done here. More accurate interface
development times would influence the data in Figures 8 through 10 such that the
slopes at higher bubble rates would not be quite as pronounced as those shown.
The overall three-dimensional graphs would be quite similar.

CONCLUSTONS

The surface tension data acquisition and three-dimensional graphic display
method presented here has several advantages over other surfactant analysis
techniques. By using a titration method, as described, a maximum amount of data
can be accurately obtained in a minimum amount of time. The five data sets in
Tables 1 through 5 were collected over a period of less than four hours. This
data represents the complete three-dimensional characterization of Regain NF.
The method is kept quite simple by continuously monitoring surface tension



during a single phase titration. and capturing only the values needed at points
after each new solution was thoroughly mixed and sctable.

Some limitations of this method can appear where coatings or other fluids
are very viscous or have high solids percentages. Very high bubble rates may not
be always achievable. Past work done with some very difficult polymers indicate
that maximum rates of four or five bubbles per second are the best that can be
obtained due to the much slower flow of the fluid. Bubble rate, to some degree
depends on the ability and speed of the fluid to flow back into the void created
by the bubble departing from the orifice. In some cases. the more limited amount
of three-dimensional data obtainable may have to be further extrapolated into
the area of interest.

The advantage of the method is very evident when data in Tables 1
through 5 is compared with the single three-dimensional graph in Figure 10.
The method can be applied, in general, to any fluid or coating that contains
an active surfactant.
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R-1.717

Date Tize { Temn 3/s
96-23-1332 16:15:33 4 2.3 0.17
08-:3 D024 2Ly o0.15
08-25-15357 10:30:54 ¢ 22.3 0.%0
06-25-1352 10:34:05 0 22.3 0.:2
08-25-1397 10:46:41 3 22.3 0.23
08-23-1992 10:45:90 7 22.4 0.25
08-23-1337 10:48:13 6 22.5 0.26
08-23-1392 10:50:41 & 2.5 0.27
08-13-3332 10:54:04 T 22.5 0.27
08-25-1352 10:58:43 7 22.5 0.28
06-25-1392 11:04:07 K 22.7 0.30
08-25-1392 11:10:28 L 22.7 0.1
08-23-1332 11:14:13 ¥ 22.7 0.33
Table 1
R-1.717
Data Tine { Tesp 3/s.
08-23-1337 12:08:97 &4 23.1 0.33
08-23-1392 12:14:00 3 23.1 0.42
06-23-1332 12:18:32 C 23.1 6.45
08-15-1392 12:21:13 0 3.1 0.47
08-23-1932 12:28:04 £ 23.7 0.48
06-25-1952 12:30:03 F 23.2 0.49
08-23-1997 12:33:12 ¢ 23.Z 0.50
06-25-1997 12:38:44 & 23.3 0.51
06-25-1992 12:43:05 I 23.3 0.%2
08-25-1392 12:44:35 7 23.3 0.52
08-23-1392 12:48:41 £ 23.4 0.53
06-15-1392 12:50:55 L 23.4 0.%4
08-23-1332 12:33:23 & 23.4 0.53
Table 2
3-3.717
Date Tize { Teap B/s.
06-25-1932 13:54:456 4 23.¢ 0.38
06-25-1992 13:37:01 3 23.4 1.07
08-25-1932 14:00:27 ¢ 23.5 1.14
06-25-1992 14:93:11 D 23.5 1.20
06-25-1352 14:05:33 § 23.5 1.4
06-25-1992 14:09:48 ¢ 23.5 1.28
06-23-1992 14:13:14 6 23.5 1.31
06-25-1992 14:18:49 8 23.§ 1.33
06-25-1992 14:15:32 T 23.5 1.3
06-25-1997 14:21:19 7 23.5 1.18
06-23-1332 14:25:48 £ 23.7 1.39
06-15-1392 14:28:36 L 23.7 1.40
06-25-1332 14:30:33 ¥ 23.7 1.43
Table 3
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Tine { Terr 3/s.

11:05:35 &4 21.5 4.0%
11:07:21 8 21.5 4.12
11:11:03 C 21.5 6.2¢
1014046 D 21,8 6.43
11:16:12 8 21.6 6.32
11:19:56 7 21.8 6.63
11:22:31 G 21.5 6.76
11:26:08 & 21.7 6.43
11:28:57 1 217 6.50
ISEE BN AT R A Y
11:34:33 1 21.83 1.38
1:38:40 L 218 768
H4z:d08 213 7.5
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Nonionic Surfactants Report: Part 2. In Vivo Test Results

Appendix 8
Statistical Analysis

Contents:

1) Letter from K. A. Booman to R. Sedlak, dated November 3, 1994 (five pages).

2) Fax from J. Heinze to J. Al-Atrash, dated March 16, 1995 (four pages).

3) Fax from J. Al-Atrash to Nonionic Surfactant Task Force, dated October 25, 1995 (11
pages).

4) Computer print out: “Stat-Packets Statistical Analysis Package: Analysis of Variance”
(four pages).
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172 Mountain Avenue
North Plainfield, NJ 07060-4405
November 3, 1994

Mr. Richard Sedlak

Technical Director

The Soap and Detergent Association
475 Park Avenue South

New York, New York 10016

Dear Rich:

Here is a short summary of insights I have been able to develop on the Yan'ability of Draize data.
I will be out of town until November 14, so this is all I can do before mid-November.

Figure 1 shows the impressive correlation between the 90% confidence interval for average scores
observed at 1 and 24 hours. Most of the maximum average scores were observed at these
observation times. This figure means that the standard deviation calculated for six-animal data
can be converted into a 90% confidence interval (the 95% limit minus the 5% limit) for the
maximum average score by multiplying the standard deviation by 1.23. If the data were normally
“distributed, the factor would be 2.015 x 2/ 6*.5 = 1.65 (For a tail area probability of 0.05 and five
degrees of freedom, t = 2.015). As I have noted before, the Draize data distribution is somewhat
narrower than the normal distribution.

Figures 2 and 3 show the dependence of standard deviation of the Draize average scores at 1 and
24 hours. 90% confidence intervals for both variables are shown on the graphs. These were
calculated by a bootstrap method. The curves shown on the graphs are based on a smoothing
operation that uses a robust linear least squares fit to the 2/3 of the data closest to a point to
estimate a smoothed value for that point. These figures strongly suggest that variability, as
measured by standard deviation, is generally higher at 24 hours than at 1 hour. Put differently,
variability appears to depend on time after dosing as well as on irritancy.

Figures 2 and 3 also suggests that variability may depend on class of chemical as well as on time
and irritancy. That suggestion is inferred by the observation that a smooth curve cannot be
drawn through either graph that intercepts every error bar (or, more realistically, 90% of them).
The clump of four points in figure 2 below the curve, and between average scores of 13 and 17,
are examples. The vertical error bars for these points miss or barely touch the smooth curve that
has been fit to the data. The points represent glycerine, dodecylamine, NaOH (0.2 meq/g) and the
powdered cleaner. Other examples are apparent in both figures. Do these materials actually
exhibit less (or more) variability in irritancy caused by them than is "normal?” Put the other way
around, why should all classes of test materials have the same relationship between variability and
level of irritancy (and observation time)?

Why should we care? A raw material for consumer products might be more desirable if .the
variability of its irritancy was low. A material that had acceptable irritancy on average might be



unacceptable if the irritancy was highly variable, if the material caused irritancy on occasion that
was too high.

Wlth the data in hand, variability of Draize data appears to depend on more factors than level of
irritancy and elapsed time after dosing. At the same time, the standard deviation of Draize data is
a good measure of variability. The standard deviation is easily converted into confidence limits
that allow a decision to be made as to whether or not an observed difference in the irritancy of
two materials is due to experimental error or to a real difference in irritancy.

Sincerely,

TR Ny g P,

Keith A. Booman, Ph.D.
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Vista Chemical Company 12024 Vista Parke Drive P.O. Box 200135
Austin, Texas 78726-4050 Austin, Texas 78720-0135
(512) 331-2500 Fox (512) 331-2387

Via Courier

To Jenan Al-Atrash
Human Health & Safety Director
Soap and Detergent Association IS-[
475 Park Ave. South

New York, NY 10016

From: John Heinze, Corp. R&D
Date: March 16, 1995

Subject: Statistical Analysis

Attached is the statistical analysis of the MAS scores on the nonionic surfactants recently tested
by Hazieton.

The table shows the 1-hour Draize scores for each animal, taken from the raw data sent to you by
Hazleton on March 3, 1995. Also shown are the standard deviation and confidence intervals for
each mean MAS. The confidence intervals were calculated using the value of 1.23 times the
standard deviation, as suggested by Keith Booman's analysis of Draize scores from our Phase Il
testing (see his letter to Rich Sedlak, dated November 3, 1994).

Figure | shows a graph of the confidence intervals from which the mean scores are placed into
groups that do not differ significantly, i.e. their 95% confidence intervals overlap. There are six such
groups, "a" through "f*. The groups are shown in the table and in Figure 2.

This is a rather more complicated pattemn of statistical differences that | had hoped to see.
However, the analysis can be simplified by observing that the three nonionics giving the lowest
MAS scores (A1213-EQ3, sorbitan trioleate-E020 & A12-E023) comprise a group which is
significantly different from the group of four nonionics which give the highest MAS scores (A810-
EOS, lauramine oxide, pH=7.0, lauramine oxide, pH=10.5, & nonylphenol-EQS). The remaining
four nonionics (A1214-E07, A1213-E06.5, cocamide DEA & A1216-glucose1.6) comprise a group
with intermediate MAS scores and confidence intervals which overlap the low and high MAS
groups.

Please fax this statistical analysis to the other members of the Non-animal Testing Subcommittee
so that any questions or comments can be raised at the March 23 conference call.

John Heinze

cc: Dave Penney, SHE, Houston



NONIONIC SURFACTANTS:
MAS Results--Statistical Analysis

Animal #

Test Material* - MAS 1 2 3 Mean Std.Dev. 90%C.. LowerC.l. UpperC.. Sig. Dif.
A1213-EO3 0 0 0 0 0.00 0.00 0.00 0.00 0.00 a
Sorbitan trioleate-EO20 0.7 2 0 o 0.67 1.15 1.42 -0.75 209 ab
A12-EO23 1.3 o 2 2 1.33 1.15 1.42 -0.09 275 ab,c
A1214-E07 4.7 4 8 2 467 3.06 3.76 0.91 8.42 b,cd
A1213-E06.5 7 6 4 11 7.00 3.61 4.43 2.57 11.43 b,cde
Cocamide DEA 73 11 2 9 7.33 4.73 5.81 1.62 13.15 b,c,def
A1216-glucose1.6 8.7 13 2 11 8.67 5.86 7.21 1.46 15.87 b,c,de/f
A810-EOS 11.3 17 8 9 1133 493 6.07 5.27 17.40 b,cde/f
Lauramine oxide (pH=7.0) 11.7 13 13 9 11,67 2.31 2.84 8.83 14.51 cdef
Lauramine oxide (pH=10.5) 13 i3 13 13 13.00 0.00 0.00 13.00 13.00 d,ef
Nonylphenol-EO0S.5 13.3 21 8 11 1333 6.81 8.37 4.96 21.71 cdef
* *A* = alcohol (number Is carbon chain length) Std. Dev. = sample standard deviation.

"EQ" = ethylene oxide units (number is moles) 90% C.l. = 90% confidence interval = 1.23 X Std. Dev. (K. Booman)

Lower C.I. = lower 95% confidence interval = mean - 90% C.|.

Upper C.I. = upper 95% confidence interval = mean+90% C.|.
Sig. Dif. = values with the same letter are NOT significantly different:
the 95% confidence intervals of their mean values overlap.
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Figure 2

Significant Groups (a-f)

Each line indicates a group of values which

are NOT significantly different from each other.
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SOA
The Soap and Detergent Association

FOR YOUR IMMEDIATE RESPONSE
COMMENTS DUE NOVEMBER 15, 1995

October 25, 1995]

TO: NONIONIC SURFACTANT TASK FORCE
Philip Casterton - Amway Corporation
Ed Carmines - The Dial Corp
Toni Fedoroski - Reckitt & Colman Inc.
FROM: Jenan Al-Atrash, Dr. PH, Human Health & Safety Director
" RE: Nonionic Surfactant Eye Irritation Study

As you recall, because of poor historical animal eye irritation data for nonionics, the Non-Animal
Testing Subcommittee undertook a study to determine if chemical structure or physical properties
influence eye irritation results. Eleven nonionics were tested in vivo and the resulting animal data
were compared to several physical parameters: alkyl chain length, EO chain length,
hydrophilic/lipophilic balance, surface tension and pH.

Attached for your review and comments is Fred Heitfeld’s summary of this data. Original data
should be in your files. Attached are the following:

L. A graph of physical data versus the maximum, average Draize score and the
maximum number of days for all ocular irritation to clear.

2. Physical parameters evaluated: pH (Hazelton), surface tension (Vista and U.S.
Testing), interfacial tension and central angle (U.S. Testing).

3. A comparison of the effect on irritancy of alkyl chain length and the degree of
ethoxylation for the straight chain nonionics.

Fred’s conclusions are:

L. No clear relationship between the physical parameters measured and ocular irritation
were found.

475 Park Avenue South, New York, N.Y. 10016 @ (212) 725-1262 e Fax (212) 213-0685



Nonionic Surtactant Task Force October 25, 1995 2

N

The droplet contact angle gives the best apparent “correlation” with ocular irritancy.
3. With the Neodol 23-3 data the correlation is 0.16 for the maximum average Draize
and 0.35 for days to clear. Without 23-3, the correlations improve to 0.6 and 0.55
respectively. No correlation coefficients were calculated for other parameters as the
data appear random.
Also, [ am enclosing a draft final report to Hazelton which was sent to the Subcommittee on June
21 for comments. No comments were received. Please review this draft report once more, in order
to finalize this project.

Comments on Fred Heitfeld’s summary and Hazelton’s final report are due by November 15.

[f you have any questions, please give me a call.

cc: R. Sedlak

\em
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Scat-Packets Statistical Analysis Package

Analysis of Variance [Dah set = " Nonionic.wh®l; vange 1= b2.. b 3% vange 2=

Design: One Factor Completely Randomized Design az.d 3fz
Factor A (Fixed) - Col A
Level 1 -- 1
Level 2 -- 2
Level 3 -- 3
Level 4 -- 4
Level S -- 5
Level 6 -- 6
Level 7 -- 7
Level 8 -- 8
Level 9 -- 9
Level 10 -- 10
Level 11 -- 11

Descriptive Statistics for: Col B

Factor A: Col A

Cell Definition N Mean SD

(A) Level 1 3 7.0000 3.605¢
(A) Level 2 3 4.6667 3.055:
(A) Level 3 3 11.3333 4.932!
(A) Level 4 3 0.0000 0.000
(A) Level S 3 1.3333 1.154
(A) Level 6 3 13.3333 6.806
(A) Level 7 3 0.6667 1.154
(A) Level 8 3 8.6667 5.855
(A) Level 9 3 11.6667 2.30°
(A) Level 10 3 13.0000 0.000
(A) Level 11 3 7.3333 4.72¢%

Anova Summary Table

Source of Sum of Mean Significar

Variation DF Squares Squares F Level
A 10 737.5758 73.7576 5.1459 0.0007
Error 22 315.3333 14.3333

Total 32 1052.9091



Stat-Packets Statistical Analysis Package

Analysis of Variance (Continued)

T-Test Between Cell Means - (Values of p are for a two-tailed test.)
Note: Statistics are only printed if p is less than or equal to .050

£t = 2.2645 Factor (A) Level 1
p = .0337 Factor (A) Level 4
£t ='2.1567 Factor (A) Level 2
p = .0422 Factor (A) Level 3
t = 2.8037 Factor (A) Level 2
p = .0103 Factor (A) Level 6
t = 2.2645 Factor (A) Level 2
p = .0337 Factor (A) Level 9
t = 2.6958 Factor (A) Level 2
p = .0132 Factor (A) Level 10
t = 3.6663 Factor (A) Level 3
p = .0014 Factor (A) Level 4
t = 3.2350 Factor (A) Level 3
p = .0038 Factor (A) Level 5
t = 3.4506 Factor. (A) Level 3
p = .0023 Factor (A) Level 7
t = 4.3133 Factor (A) Level 4
p = .0003 Factor (A) Level 6
t = 2.8037 Factor (A) Level 4
p = .0103 Factor (A) Level 8
£t = 3.7741 Factor (A) Level 4
p = .0010 Factor (A) Level 9
t = 4.2055 Factor (A) Level 4
p = .0004 Factor (A) Level 10
t = 2.3723 Factor (A) Level 4
p = .0268 Factor (A) Level 11
t = 3.8820 Factor (A) Level 5
p = .0008 Factor (A) Level 6
t = 2.3723 Factor (A) Level S
p = .0268 Factor (A) Level 8



t = 3.3428 Factor
p = .0029 Factor
t = 3.7741 Factor
p = .0010 Factor

Level
Level

Level
Level

o un

Stat-Packets Statistical Analysis Package

Analysis of Variance (Continued)

t = 4.0976 Factor
p = .0005 Factor
t = 2.5880 Factor
p = .0168 Factor
t = 3.5585 Factor
p = .0018 Factor
t = 3.9898 Factor
p = .0006 Factor
t = 2.1567 Factor
p = .0422 Factor

Level
Level

Level
Level

Level
Level

Level
Level

Level
Level
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