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This protocol was developed to evaluate the recyclability of environmentally benign postage stamp materials using
conventional unit operations in a pilot laboratory facility. The process involves repulping, screening, centricleaning
with both forward and flow-through cleaners, flotation, washing, and papermaking using a pilot laboratory machine.
A small sample of the washed pulp is dispersed, given a second flotation and sidehill washing.

A. Equipment & Materials

1. Equipment

1. VOITH high consistency pulper model HC- 1.5, 2500 L total volume, 1500 L maximum working volume,
equipped with OHIO SEMITROPICS model CTX-500S current transducers feeding an OHIO
SEIMITRONICS model WH3- 11195 ac watt-hr meter linked to a personal computer to provide
energy consumption data.

2. Voith MULTIFRACTOR pressure screen model 00; baskets with 0.15-mm (0.006 -in.) and
0.3-mm (0.012 -in.) slots.

3. AMINCO 6-plate vat flatscreen w/ 0.2-mm (0.008 -in.) slotted plates.

4. Bauer 600-N 3“ forward centrifugal cleaner (3 used in parallel), with 3-mm (0.125-in.) tip opening.

5. Beloit UNIFLOW HF through-flow centricleaner, 100-mm (4-in.) nominal diameter.

6. LaMort 5000-L, Two-stage laboratory flotation cell.

7. Sidehill screen, 70 mesh, FPL-made.

8. Hydraulic bladder-type basket press, 5 kg (10 lb) capacity.

9. Shredder, laboratory, FPL-made.

10. Stock tanks and pumps, sufficient to store and transfer stock being processed.

11. Scales, 150-kg minimum capacity, minimum resolution 0.1 kg.

12. Thermometer, 0-100°C, 1°C minimum resolution.

13. pH meter.

14. Fourier Transform Ultrasonic Flowmeter, CONTROLOTRON Spectra 190.

15. Utility knife.

16. NALGENE, or equivalent HDPE containers: 1-L, 4-L, 10-L, and 20-L capacities in sufficient
numbers for sample collection.

17. 4-L self-sealing plastic bags, for sample collection.
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18. Assorted plastic bags (12 by 24 in., 18 by 36 in. minimum sizes) for sample storage.

19. Screen carts, 3 by 3 by 5 ft, with 100-mesh bottom wire (6 needed).

20. Graduate, 250 ml.

21. Beaker, 250-ml.

22. Balance, l-kg capacity, minimum accuracy 0.1 g.

23. Assorted tags, waterproof marking pens, etc. needed to identify containers of collected samples.

24. Barrels, 55-gallon (or equivalent) for storage of cleaned pulp.

25. Bauer pressurized refiner, 12-in. laboratory, equipped with “DEVIL’S TOOTH’ dispersion plates.

26. Flotation cell, DENVER, 90-L capacity laboratory unit.

27. Sidehill screen, 70-mesh, small laboratory unit

28. Experimental paper machine and auxiliary equipment

29. TAPPI handsheet former and auxiliary equipment

30. OPTIMAX Speckcheck Analyzer with an HP scanner.

1.

2.
3.
4.
5.

II. Materials

Definitions

●       Standard (Linered) Pressure Sensitive Adhesive (PSA) Stamp Laminate: Face Paper/PSA/
● Release Liner
● Face paper base paper sheet only, as used to prepare the Standard (Linered) Pressure Sensitive Adhesive

Stamp Stock described above.
● Linerless Pressure Sensitive Adhesive (PSA) Stamp Stock: Release coating/Printing/Face Paper/PSA.

Copy paper: single supply for all work; procured by USPS/FPL as a 31,000 lb shipment
derived from 2 consecutive master rolls from a commercial paper machine, slit into 24-in.
wide working rolls of approximately 1000 lb each.
Stamp stock face paper: 1000 lb supplied by USPS with tie layer, with no printing or adhesive.
Linerless (PSA) stamp stock: 110 lb supplied by USPS.
Standard PSA stamp laminate: 335 lb supplied in 3 rolls.
Experimental PSA stamp laminate, as submitted to FPL through USPS/STR: 36 kg (80 lb) each.

B. Paper Stock Processing

L Materials

1. Six control (or “benchmark”) paper stock mixtures:

- Trial 100: 100% copy paper.
-  Trial 101: 100% stamp stock facing paper without adhesive or printing, with tie layer
- Trial 102: 100% copy paper. (repeat of trial 100)
- Trial 107: 5% linerless stamp stock: repeat of Trial 106 except 2nd pressure screening used

0.15 mm slots instead of 0.20 mm slots.
- Trial 108: “5%” Standard PSA stamp stock prepared as for Trial 105; processed as in Trial 107.
- Trial 109: 10% Standard PSA stamp stock total composite with liner attached processing

as in Trial 107.
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2. Trials with experimental adhesives

- Trial 111: “5%” stamp stock having adhesive “A” + “95%” copy paper.
Stamp stock affixed to copy paper after removing liner. See Trial 105 & 108.

- Trial 112: 10% stamp stock having adhesive “A” + 90% copy paper.
Liner to remain affixed to stamp stock. See Trial 109.

(Note: Trials 111 and 112 are identical to Trials 108 and 109 of the benchmarks
except for the source of stamp stock)

- Trials 113 and 114 to N and N+l: same as Trials 111 and 112 except with adhesives “B” to “X” as
submitted by USPS through STR.

(Note: “A” etc. are dummy indices—actual indices will be assigned as a code by STR)

3. Morplas Blue 1003, 0.67 gm/L in heptane.

4. pH standards: 4.0, 7.0, 10.0

5. Blotters, 8 inch square, meeting TAPPI specifications.

6. (a) Whatman #4 filter paper or equivalen4 15 cm diameter.
(b) Same, 32 cm diameter.

7. 10-15% NaOH solution.

8. 10-15% H2SO4 solution.

9. Flotation aid: DI-700A.

10. Soft water 20°C and 80°C, central supply.

1.

2.

3.

4.

II. Stock Preparation (for each trial)

Throughout the following unit operations flow rates, consistencies, volumes, etc. will be determined
in order to establish a mass balance for the processing. Necessary data will be recorded as
appropriate.

Pulping

Weigh out 112.5 kg, as-received basis, of paper type. Measure and record solids content of paper(s).

Quantities of each paper type for each trial are given in Table II.

Fill pulper with soft water at 46±3°C (115±°F) to the 650- L level. Save a 500-ml sample of the water for
metal analysis. Then adjust pH to 10.0 with NaOH. Use H2SO4 to correct overshoots.

Add copy paper, with minimal agitation until all copy paper has been introduced and wetted.
Blend for 1 minute, adding only enough water to cause slurry to roll properly.

(Target water volume = 691 L to give a 14% consistency. Actual volume and consistency are determined
by getting the proper roll of the slurry at the highest possible consistency to achieve that roll. )

Stop agitation; measure pH and temperature. Restart pulper and immediately start energy measuring
unit. Blend in adhesive containing stock quickly, while continuing to pulp for a total of 20 minutes.
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(Note: pulping time was determined initially in a pretrial run by stopping agitator at 5-minute
increments and examining the slurry. The time selected was when only very small particles (tabs)
of copy paper remained. Absolute total dispersion of copy paper is not required.)

5. At end of 20 minutes, first shut off energy measuring unit, then immediately the pulper. Measure final
temperature, pH, consistency, and energy input. Dilute slurry to 1500 L, maintaining temperature
at 46±3°C (115±5°F).

6. Feed slurry to sump pit via bull screen pit (screen and paddle removed), adding 80°C water only as
necessary for operation. Transfer slurry to 8,000-L feed tank. Dilute to 7,500 L adjusting temperature
to 46±3°C (115±5°F) and consistency to 1.10-1. 15%. Do not exceed 1.2%.

Above dilution requires removal of 38 kg o.d. excess pulp to a screencart. From stock being removed
to the screencart, save three 20-L samples plus one 10-L sample (SAMPLE POINT l). Of the remaining
excess pulp in the screen cart, dewater using a Buchner funnel approximately 300 g dry-basis and
for further analysis. Mix stock in feed tank well for 15 minutes. Measure consistency and temperature.

1st Pressure Screening (w/ 0.30-mm slots)

7. Pump slurry to pressure screen equipped with 0.30-mm (0.012 -in.) slots, with accepts passing to the
second 8000-L stock tank while rejecting a targeted level of 10% of the feed through bottom port of
pressure screen. Send these rejects to the feed side of the vibratory flatscreen equipped with 0.2-mm (0.008-in.
slots).

Pressure screen target pressures are to be 20 lb/in: for accepts and less than 23 lb/in2 for feed. Actual values
are to be logged and reponed. Activate flatscreen, wash incoming pulp with cold water, sending accepts to
a HYDROSIEVE screen, then a screencart to drain prior to disposal. To measure flow rates at the
pressure screen, use the SPECTRA ultrasonic unit. Measure consistency of pressure screen rejects being
fed to flatscreen.

When all screening is finished, wash flatscreen free of pulp while retaining rejects (adhesive rejected by
pressure screen) on the plates. Collect rejected adhesive retained by the flatscreen, air-dry, and weigh for
yield (SAMPLE POINT 2).

8. Allow screening accepts to mix for 10 minutes, then sake 10-L sample (SAiMPLE POINT 3). Measure
consistency.

Transfer screening accepts back to initial feed tank. While stock is recirculating in the feed tank,
clean accepts tank and transfer lines thoroughly; replace 0.3-mm slot basket with 0.15-mm (0.006-in.)
basket in pressure screen, cleaning unit at this time.

9. If a dilution for any reason has occurred in the transferred slurry, redetermine its consistency and save a 10-L
sample (SAMPLE POINT 4, optional).

2nd Pressure Screening (w/ 0.15-mm slots)

10. Feed slurry from feed tank to pressure screen, repeating procedure as before, saving flatscreen rejects
(SAMPLE POINT 5). Dilute accepts to 0.65± 0.05% consistency at 46±3°C (115±°F). If final volume
exceeds tank volume, transfer some of the stock to the 4000-L stock tank and recirculate the two stocks,
intermixing the two tanks for 10 minutes. Record the consistency and volume of each stock tank.
Collect a 10-L sample of the accepts proportioned from each tank (SAMPLE POINT 6).

(NOTE 1: Temperature while starting at 46±3 °C (115±5°F) is allowed to drop as remaining steps are run.

(NOTE 2: THE NEXT TWO OPERATION ARE PERFORMED AS A CONTINUOUS STREAM)
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Forward Cleaning

12. Slowly open feed valve to forward cleaners (3 to run in parallel). bringing feed pressure to 240 kPa
(35 lb/in2) and back pressure to 68 kPa (10 lb/in2) in each cleaner. Cleaners are equipped with 3-mm (l/8-in.)
reject tip opening. Rejects are to flow to a screen cart to drain. Accepts are to flow in series to a 600-L
tank then to a 1000-L tank. When flow is at equilibrium, save a 10-L accepts sample by collecting aliquots
from the 600-L tank periodically (SAMPLE POINT 7). Save a 4-L sample of the rejects by collecting
aliquots periodically throughout the trial (SAMPLE POINT 8) from each of the 3 cleaners. Measure accepts
temperature in 600-L tank. Measure consistencies of accepts and rejects. Measure outflow flow rates from the
feed tank and reject tips.

Through-flow Cleaning

13. When the 1000-L tank is 1/3 fill of stock, begin feeding slurry to the through-flow cleaner. Feed
pressure is to be 210 kPa (30 lb/in2) and back pressure is to be 70 kPa (10 lb/in2). Rejects are fed to a
drain; accepts flow to a 800-L stock tank.. When accepts tank is about 1/2 full, turn on transfer pump
sending accepts to the glass-lined tank. Save a 10-L sample of the rejects by collecting aliquots periodically
throughout the trial (SAMPLE POINT 10). When entire batch of stock has been centricleaned and is in the
glass-lined tank, mix for 10 minutes, then save a 10-L sample of the accepts (SAMPLE POINT 9).
Measure flow rates and consistencies of accepts and rejects. Mesure temperatures.

Wash out 600-L forward cleaner accepts tank, the 1000-L through-flow feed tank, and the through-flow
cleaner accepts tank. Start second through-flow cleaning by pumping stock from glass-lined tank to the 600-L
forward cleaner accepts tank and onto the through-flow cleaner as before. Measure accepts and reject
flow rates and consistencies as you did for the first pass. For this pass, the accepts are to be pumped to the
LaMort flotation cell. As soon as accepts are introduced to the accepts tank of the through-flow cleaner, begin in-
jecting D1-700A flotation aid (0.010% dry fiber basis) to accepts tank. When accepts tank is about 1/2 full, turn
on the transfer pump and adjust outflow to match inflow (Note: check that outflow is passing to LaMort
flotation cell). Save a 10-L sample of the accepts by collecting aliquots periodically throughout the operation
(SAMPLE POINT 11). Save a 10-L sample of the rejects by collecting aliquots periodically throughout the
trial (SAMPLE POINT 12). Measure flow rates and consistencies of accepts and rejects. Measure temperatures.

Flotation and Washing

14. When slurry begins to enter flotation cell, turn on airflow to 4 rpm. When inner cell is full and begins spilling
over to the outer cell, turn on main circulation/transfer pump. with stock exit valve shut. When outer cell is
filled to above recirculation inlets, begin vacuum removal of foam. When outer cell is full open, exit valve
sending accepts to the sidehill. Adjust exit valve to balance outflow to inflow. Pass accepts from the sidehill
screen to a screen cart to finish draining. Save a 10-L sample of the flotation cell accepts by collecting aliquots
periodically during trial (SAMPLE POINT 13) and determine its consistency. Save a 4-L bottle of the sidehill
accepts plus a l-kg, wet basis, sample (12 by 12 in. plastic bag) (SAMPLE POINT 14) plus a 10-L sample
of the sidehill washwater (SAMPLE POINT 15).

Immediately weigh out about 4 kg of washwater and filter off the suspended solids while the washwater is at
temperature. Save filtered solids and filtrate for additional processing.

15. When input to the flotation cell from the through-flow cleaner ceases, shut off the outflow from the flotation
cell and let the cell operate batch-style for 10 minutes to strip remaining flotables. Then, reopen outflow valve
and empty cell to sidehill screen..

Pressing and Shredding

16. Allow contents of screen boxes to drain overnight. Dewater accepts in hydraulic press until consistency
is between 30-35%. Crumb pulp in shredder and store in barrels lined with plastic bags.
Save a 18 by 36 in. bag of the pulp by filling with handfuls from each pressing/shredding batch. (SAMPLE
POINT 16). At the same time, save three l-kg , wet basis, samples in 12 by 12 in. plastic bags,
also labeled SAMPLE 16. Determine consistency of barreled pulp and calculate yield.
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Dispersion, Flotation, and Washing of Processed Pulp

17. Treat SAMPLE 16, saved in 18 by 36 in. bag, in pressurized refiner equipped with dispersion plates. Save
12 by 12 in. plastic bag of dispersion accepts (SAMPLE POINT 17). Record dispersion refiner operating
variables. Attempt to use same parameter values for all tuns. Note any major processing problems.
Save remaining dispersion accepts for second flotation treatment. Determine its consistency.

18. Fill Denver flotation cell with 46±°C (115±5°F) water and adjust level to 68.5 L level. Add
420 g, dry basis, of shredded pulp from dispersion accepts. Mix thoroughly, then add 0.315 g
D1-700A flotation aid (0.075%) and mix well. Introduce a low flow of air for 4 minutes and skim
off reject foam. Increase air flow slowly to maximum. Continue skimming rejects. Shut off air after
8 minutes total time. With stirrer still running, collect 10 L of slurry from bottom drain (SAMPLE
POINT 18).

19. Drain the remaining pulp over the small sidehill, collecting a 10-L washwater sample plus a 500 ml
washwater sample (SAMPLE POINT 20). Save all the drained pulp in a 4-L bottle (SAMPLE
POINT 19). Do not allow Denver cell foam or residue to pass to sidehill screen.

C.  PAPERMAKING

(to be done only on clean pulps; pulps with high residual adhesive are to be skipped)

1. Reconstitute the shredded pulp to a 3% consistency and adjust its freeness if necessary.
Alkaline size as appropriate.

2. Introduce the slurry to the FPL laboratory paper machine making a 20 lb/3 MSF printing/writing
grade sheet.

3. When the operation is at equilibrium, collect whitewater samples. Near the end of the run, collect a
second set of whitewater samples.

4. Upon completion of the run, slit the paper from the reel and save samples for analysis.

D. CLEANING

1. For stock preparation, after each trial the system is to be thoroughly flushed with water, followed by a
scrubbing with clean, bleached softwood fiber. Copy paper is then pulped and passed through the system
as an additional scrubbing. A second copy paper scrubbing follows, with a sample taken after sidehilling
(sample point 14). Ten handsheets are made from this sample. The handsheets will be dyed and checked
for residual dirt or adhesive particles. If dirt count exceeds 15 ppm, an additional scrubbing with copy
paper is made.

2. Baskets from the pressure screen are manually cleaned of the adhering adhesive, with the removed adhesive
dried and weighed. The weight is included as part of the rejects for the respective stage. the baskets are then
cleaned with a pressure washer plus a manual scrubbing with an organic solvent to remove all remaining
traces of adhesive.

The plates from the flatscreen are cleaned with the pressure washer and solvent but no effort is made to
measure the residual traces of adhesive as it represents only a small trace of the total adhesive removed from
the screen previously. The entire flatscreen is pressure washed while the plates are out to maximize the
cleanliness of the unit.

3. For the paper machine, the clean copy paper stock from the final stock preparation system cleaning
sequence is used to thoroughly clean the paper machine. Samples from the reel are checked for residual dirt.
A dirt count >15 ppm off the reel indicates that an additional cleaning sequence is to be made.
Fresh copy paper will be pulped and used for additional cleanings.
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E. HANDSHEET MAKING

1. For all accept samples collected in Trials 100-110 ten 1.2-g handsheets are prepared according to

2.

3.

F.

1.

2.

G.

1.

2.

TAPPI test method T-205 om-88. Condition same for 24-hours at 23°C, 50% relative humidity.

For Trials 111-N (those with submitted adhesives), the samples collected at sample points 1, 6, and 16
will be processed, plus those additional points determined as needed by evaluation of the data of
Trials 100-110.

For all paper machine paper samples, cut sheets to 6 by 6 in. and condition as in 1.

DIRT COUNT ANALYSIS

Dye each handsheet and paper machine sample sheet with a mixture of Morplas Blue and heptane.

Scan 10 handsheet/samples (samples include paper machine samples), one side only, for contaminants
having an area greater than 0.02 mm2.

(Companion protocol covering this analysis contains greater detail)

WATER ANALYSIS

Submit all washwater and paper machine whitewater samples for BOD, total solids, dissolved
solids, and suspended solids analysis. For solids analysis, see procedure for early preparation.

Submit initial supply water (SAMPLE POINT 0) and sidehill washwater samples (SAMPLE POINTS 15 &
20) for mineral metals analysis including silicon.

3. For each whitewater sample, filter the samples over Ahlstrom Grade #617 filter paper. Examine the
paper for fibers and suspended solids. Measure the pH of the filtrate. Cool filtrate to 4.5±1°C (40±2°F) and
examine for change in appearance., then reduce pH to 4.0 with HCl and note any change in appearance.

H. FTIR MICROSCOPY

1. Initial and final pulps (SAMPLE POINTS 1 and 16) will be submitted for FTIR microscopy analysis.
Compare spectrums of two samples.

This analysis subject to ability of technique to provide quantitative results versus simply qualitative
results. If quantitative results not achievable, the technique will not be used.

I .

1.

J.

1.

REDEPOSITION ANALYSIS

Subject the shredded pulp (SAMPLE POINT 16) to a redeposition trial using the PIRA apparatus,
which employs a fine paper machine wire rotating at 1 rps. Consistency is to be 0.5%, 50°C, 30-minute reten-
tion. Weigh wire at end of trial and compare to clean preweighed wire. Determine area of contaminants.

VALLEY SCREENING OF PULP SLURRIES

Using one of the three 20-L samples collected at SAMPLEPOINT 1, screen this sample in the small
Valley flatscreen using 0.3 mm (0.012 in.) slots. Pass accepts to a 150-mesh screenbox. Collect and
weigh rejects and accepts. Thoroughly clean the unit.

Repeat with 0.20 mm (0.008 in.) and 0.15 mm (0.006 in.) slots using remaining two 20-L samples.
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2. Valley screen with 0.10 mm (0.004 in.) slots the l-kg sample (SAMPLE POINT 14) from first sidehill
screening, collecting the accepts in a 150-mesh screenbox. Dry and weigh accepts and rejects. Make decision
whether to make a paper machine trial based on the amount of adhesive still in this sample.

K. BLEACHING

This phase reserved for trials with printed feedstocks.

1. For those pulps determined to be sufficiently clean, bleach to enhance their optical properties.
Measure brightness and L*a*b*.

L. FINAL SUBMISSIONS INCLUDING FINAL REPORT

1. Submit samples of handsheets, paper machine runs, and a final report of procedures and results to
STR and the U.S. Postal Service.
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Note: Linerless stamp stock plus standard and experimental stamp stocks stripped of their release liners are to be
affixed to the copy paper before introduction to pulper. Quantities of these stocks are 10% as received.
*indicates 10% (11.25 kg) full laminate weighed out stripped of release liner and remaining stamp stock affixed
to copy paper. Removed release liner is weighed and equivalent amount of copy paper added to bring total weight
back to 112.5 kg. The removed liner weight is recorded.
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