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ABSTRACT

The recyclability of paper contaminated with pressure sensitive adhesives was
evaluated using Western Michigan University’s state-of-the-art recycling and deinking
facility. The process flow system in the recycling and deinking facility was arranged
based on the USPS protocol and collected samples were evaluated also based on the
USPS protocol. Two experimental adhesives were evaluated in these trials. One of
these adhesives formed significantly larger particles, which were more readily removed.
Of the separation processes used in this trial, screening was shown to be the most
effective in removing these larger particles. One of the conclusions from this study is
that the ability of the adhesive to form larger particles greatly enhances its removal from
the recycle stream. Final dirt counts of about 10 ppm were achieved with the pulp
containing the larger particles.

INTRODUCTION

Objectives: The objective of this project was to evaluate the recyclability of paper
contaminated with controlled levels of pressure sensitive adhesives (PSA). The

adhesives were experimental post stamp adhesives supplied by the United States
Forest Products Laboratory and designated Adhesive 33220 and Adhesive 33226.

Procedure: Samples of each of the stamp laminates #33220 and #33226 were supplied
for separate recycling pilot trials. Each of these samples was separately repulped with
a base tock consisting of envelope paper and copy paper. The resulting furnishes
contained 45.5% envelope paper stock, 45.5% copy paper stock, and 9% stamp
laminate. Based on this furnish composition, the resulting stock contained 1% PSA or
1000 ppm.

The Western Michigan Recycling Facility, shown in Figure 1, consists of a number of
commercial size units that can be arranged in numerous configurations. In these trials,
the individual repulped fumishes were processed through the pilot recycling system
according to the supplied USPS Protocol. The units operations specified in this protocol
and the sample points are shown in Figure 2.
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Figure 1, Western Michigan University’s Recycling and Deinking Facility

The WMU Recycling and Deinking Facility contains a modular piping system that allows
the connection of the individual units in any configuration to simulate a wide variety of
industrial systems. The fiber recycling facility is manually controlled from the operator's
panel. Data are collected by a computer, which logs all measured variables. The
collected dada can be recalled and printed out in table form or graphed automatically.
The system also has a remote display in the operator’s control panel where real-time
graphics are displayed and automatically updated every 10 seconds.
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Figure 2, Western Michigan University’s Recycling Facility as Arranged Based on
the USPS Recycling Protocol

RESULTS

The sample points are shown as pentagons in Figure 2. Once the system reached
steady state, four-gal stock-samples were collected at the designated sample points.
Fifteen handsheets were produced from each of the stock samples and analyzed for
total dirt and adhesive using the USPS protocol. This protocol was based on an image
analysis for dirt specks before and after adhesive staining. The difference between
these measurements is then the adhesive dirt count. This data is presented in the
following tables. Table 1 shows the dirt count at the individual sample points before
staining, Table 2 shows the dirt count after staining and Table 3 shows the dirt count
difference between before and after staining. This procedure of measuring adhesives
through a difference measurement was required since the stock contained some printed
material.
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Table 1, Pre-stained Dirt Analysis

Prv Anshais
Emﬁm |Location (7} | Number of Specis | Total Arcs (s mm) PP StdDey of Sheet PPM | Cout i s0.m _| Counting Precision
[ Al Sizzs | >-0.040 | All Sizes | +=0.040 | All Sizee| 0,040 | All Sizzs | >0.090 | Al Sizes | ~0,040 | All Sizma] o0 040
st |Adhese 435220
-l Presure Screen Feod 0.062 Scroen &) 169 6 | lsE | 159 | 532 | ser | 379 | L2 | s [ 3 | 7es | 1291
13 Hressare Sereen Accepts (1062 Sereer i 136 3 ) &6 | 392 | 33 | w97 | »39 | mas | e | ot | s47 | wem
15 Premare Sereen Accapts 0,006 Sereart 13 13 1 &M | 4T | 37 | Bs | 360 | 07e | s | oo | o | s
17 obmson Screcn Acccpts 120 135 5 | 1007 | 7R | 306 | 393 | 4658 | 4267 | em | 71 | 3s | ust
19 Frewand Contra Cleamar Accepts, [ Pasn 068 100 2 400 | 185 | 200 | 93 | et | was | s02 | 105 | e | 2m
11 Forward Contra Cleser ccepts, 2nd Prow 62 w02 3 ) 102 | 340 | 582 | 422 | twosdl [ wees | sz | 91 | 950 | wm
14 Sccomdary Fornard Clesaer Acecpis 12 m 95 | 147 | 83 | 67 | 44 | %% | m7 | wat | 4 | 594 | 103
I-16 Centra Clommer Accapla Paus i1 068 81 3 | 4w | 2w | m2 | @e | W | Bu | w7 || | e
113 vr Centra Cleaner Accepts Pam £2 069 E ) 2 | ST | A6k | 280 | 185 | a5y | @23t | e | 1 | oen | e
12 ion Call Accepts 0.70 124 45 S | 3 [ BT | 192 1 1645 | 1480 [ 62 | 6 | g98 | L4
-2 Thick Stock 30.00 m B M6 | g4d | 200 | 9 | 1oy | wos | 3 | 17 | 182 | 1t
s 2 JAdbesive 433226 . :
h-1 JProsre Scroen Feed 0.014 Serecn 150 m L7] 9.45 4T 414 BE i7.08 1599 HEs | M1 | 687 | 1170
24 Premtu&rm Accepts 0,014 Scrvesy TS 284 % | 1068 ) 335 | 517 | 269 | 86 | nms | Gm | 381 | 615 | 2
5 L1s 21 04 9m | oam | oase | 21 | 2 | s | vao | 2% | esd | 16
¥ 294 130 @ 1 760 | 837§ M2 |20 | B0 | uu | 83 | M | am | ue
0.5 po] 5 | 8 | o457 st | mo | Bz | i | f3y | o | 688 | s
0:54 tox 36 | o3se foasr b0 e | ;e | o | s | s | oss | e
29 Mool U7 | Bm | 1980 | ia9s [ 919 | 203 | 4987 | 377 | 10 | ze3 | 6m
Thseghflons Ciniea Cleaer Accepte P ¥ im n B 372z |7 | B3 | e | war | 37 | w0 | | uw
Throwghfiow Cenlra Cleaner Accepls Pas £2 0:53 106 WM WS w0 | o | 20712 F 20600 | 52 | 12t | am | zom
Flotation Cell Accepts 057 541 38 367 | a6t f o5 | ase | 26t | 2t | t52 | 1 | eee | sm
Prowed Thick Stock 36.00 218 £ 1297 | 852 | 240 | e 1782 | 1750 [ 130 | 677 | 124

After staining the handsheets were again analyzed for dirt and these results are shown
in Table 2.

Table 2, Post-stained Dirt Analysis

Sample 11 |(ocation Naurnbir of Sioccks Toeal Arca (sq.mm) PPM SudDev of Shoet PPM]. Countat [sam | Counting Procisiont
AliSizs: | >=0.040 | AlSiacs | >=0.040 | Al Sizes | >-0.040 | All Stzes] >=0.080 | All Sizs | 0,090 |l Soaea] 50,000
Frial 1 Adheaive ¥13220 ; i .
[N Pressure Scrom Feed 1062 Screen s 12| 14405 | 14006 | 7235 | 7004 | 61620 | 61638 | 1s:2 | w9 | sm | 2w
13 Pressure Screen Accepts. 0.062 Scren 208 103 | 4378 | 403 | 2197 | 2085 FM28 ] 3032 | 1048 | 517 | ss3 | 955
% Bressure Screas Auxpts 0,006 Screen 169 7 | 167 | e | oso | a2 | saor | oster | 49 | m | e | un
3 | Johnson Screm Acompts 35 23 | 39953 | 396,10 [ 20087 | 19895 Fr06134( 108930 | vm | 1o | 53z | 6%
19 Forward Cantra Claaner Accepts, i Pass 12z 4 HAd £ o216 | 574 | 460 | 5038 | 4975 643 45 | 884 | 142
111 Forward Cantra Cleaner Acoxpts, 2nd Pass 87 bil 1613 | 1380 | 810 | &3 | mr| mm 789 187 | 198 | nao
LI |Socondsry Forward Cleaner Accaps 337 UT | 266 | 1S36 | 1085 | 712 | 3654 | s | e | se | sas | sas
1-16 | Throughflon Cantrs Closser Acomts Pass #1 e 4 78 | 30 | %0 | 253 | 7s | v ss2 | oo | 997 | 1
1-I% Throughflow Cenira Clemser Aoepts Pass €2 104 31 463 | 270 | 26 | 135 [ 1675 ] 160 | sn 1% | 981 | 1756
130 Flotstioa Cell Aocepta 104 3§ 485 | 297 | 24 | 149 | 1367 ] 1208 | s; | iss | om | 1644
122 {Prowed Thick Stock 21 100 | 1724 | oz | o325 | 239 [ 2538 | 49 | 138 | 619 | 10
il [Adesive 413226 _ . \_ :
21 Presrure Saeen Feed 0.014 Sorem 4552 TR | 90710 | K7R60 | 43560 | 44129 | 7470t | Temze | 22863 | 1mm | 148 | e
23 Pressure Soroen Accepas 0.014 Seren 4891 V3 | sxad | 1502 | 40604 | 38926 | 5002 | 8773 | 24566 | 13300 [ 143 | 183
24 Pressore Soroem Acoepts 0.006 Sarem 1670 2030 | 49778 | 7931 | 25002 | 24074 | 49302 | son8t | 13410 | 10196 | 194 | 2m
27 | Jobrsca Saroen Acorpts 618 ST | 179RET [ 176834 | 90300 | 28847 | 13a40s| 137109 | 31080 | 26178 | 127 | 130
7 Forward Contra Soremn Accepts, | P 1768 BI7 | #1693 | 40386 | 20941 | 20284 | 72430 | 72082 | 2880 | s615 | 238 | 2%
211 Forwand Centra Screen Acopis, Znd Pase 505 366 | 13557 | 12183 | 6307 | 6109 | 27939 | 27899 | 236 | 1ms | 45 | s;
214 Secondary Forward Contrs Cleaner Accopts 55 - | AW (AT 24T08 | 109338 ] 1073 x| 26965 | g7305 | mmse | 22014 | 135 | 11
T6 [ Throughfow Centra Clesner Accepts Pass 41 235 12| 243 | 6977 | 383 | 3%04 | 1707 | 12023 | wamr | e | 628 | 74
218 | Throughflow Contra Cloancr Acorpts Pass 41 149 e | 12042 | 11630 | s04 5866 136473 | 6334 | 119 | a9 | sas | em
-0 Flatation Cell Accepts 173 Ll IL48 | 3924 | 1380 | M65 | 12303 | 12110 269 467 | 760 | 1037
121 | Pressed Thick Stock 1020 775 134991 | 34294 | 639.1 | 6439 | 26300 | 26342 | ws2t | 14s0 [ 313 | 1w
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To determine the level of adhesive in the samples, the prestained readings were
stracted from the post-stained. The difference of these readings is then referred to as
tne Delta Analysis and is shown in Table 3.

Table 3, Delta Dirt Analysis

Deltn Dirt Count (Post Stained - Pre Stained)

Sample 1D |Location Number of Specks Total Arca (sa.mm} PPM Countin 1 sg.m
All Sizss S—0.030 | All Sizes| >=0 030 | All Stzes] >=0040 | All Sizes] >=0.040

Trial & Adhesive #33220
1-1 DPressure Screen Feed (.062 Screen 136 9 13347 132.47 6703 6653 083 498
1-3 Pressure Screen Accepts 0.062 Screen 72 65 37.13 37.00 1864 I1R5.8 62 326
1-5 Pressure Scroen Accepts 0.006 Screen 54 36 10.03 9.47 50.3 176 271 181
1-7 Johnson Screen Accepls 218 165 389.86 388.28 19458.1 1950.2 1095 829
19 Forward Cantra Cleaner Accepts, Ist Pass 23 23 T44 7.31 373 36.7 141 141
1-11 Forward Centra Cleancr Accepts, 2nd Pass 53 39 593 540 298 17.1 7 196
1-14 {Secondary Forward Cleaner Accepts 54 17 8.13 7.13 408 358 72 86
1-16 Throughflow Centra Cleaner Accepts Pass #1 38 16 i 2.29 15.2 1L.5 191 8¢
i-1% IThroughfow Centra Cleaner Accepts Pass #2 i0 5 08 0.98 4.4 -5.0 50 25
1-20 Flotation Celt Accepts =20 -3 -1.07 -0.85 =5.3 43 =101 =0
122 Pressed Thick Stock 89 27 6.08 4.27 11.5 20 168 51
Trial 2 Adhesive #33226
2-1 Pressure Screen Feed 0.014 Screen 4320 3516 £897.55 87387 | 45085 | 433%.1 21698 17660
2-3 Pressure Screen Accepes 0.014 Screen 4627 3677 797,73 | 78967 | 4006.7 | 3865.7 | 23240 18269
2-5 Pressure Screen Accepts 0.006 Screen 2443 1980 488,07 474.53 2451 4 23853 12270 Yu45
2-7 Johnson Screen Accepts U583 5164 1790.27 | 1763.97 | 8991.8 | 8859.7 } 30417 25937
2-9 Forward Centra Screen Accepts. 1t Pass 1542 1261 40775 | 39929 | 20480 | 20053 7745 6334
2-11 Forward Centra Screen Accepts, 2nd Pass 402 330 11999 | 11722 | 6027 | svrs | 2019 1657
2-14 Secondary Forward Centra Cleaner Accepls 4715 4166 2143.59 | 2127.55 | 10766.4 | 10685.9 | 23683 0924
2-16 Throughflow Centra Cleaner Accepts Pass #1 184 154 6841 67.52 436 3331 924 774
2-18 Throughflow Centra Cleaner Accepts Pass #2 243 194 103.70 102.26 5208 5136 1221 974
2-20 Flowation Cell Accepts 62 55 25.81 25,57 129.6 128.5 3t 276
2-22 Pressed Thick Stock 802 706 13714 33441 635.1 629 8 1510 1330

The above tables show that the adhesives can be removed in the recycling system. lItis
interesting to note that adhesive #33220 is more readily removed than adhesive
#33226. This is believed to be due to its larger particle size.

To show where the dirt and adhesives are removed, the Post-Strained dirt levels are
shown versus location in Figures 3 and 4. Figure 3 shows dirt level versus location for
the smaller #33226 adhesive and Figure 4 sows dirt level location for the larger #33220

adhesive.

The nomenclature used in these figures is Pressure Screen Feed (PSF), Pressure
Screen Accepts (PSA), Forward Centra Cleaner Accepts (FCCA), Through-flow Centra
Cleaner (TFCC), Floatation Cell Accepts (FCA), and Pressed Thick Stock (PTS).
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DISCUSSION and CONCLUSSIONS

The most important of the contaminant parameters in separating the contaminants from
pulp is particle size. Although particle shape and specific gravity also play a role in
separation, particle size is the more important parameter for separation. Larger
particles relative to paper fibers are readily removed with a minimum loss of fiber. Of
the three basis separation processes employed (filtration, sedimentation and flotation,
and screening), screening is the most efficient if the material to be removed is larger
than the paper fibers.

After repulping under similar conditions, the initial contaminants from adhesive 33220
were larger and fewer than those from the #33226 adhesive. The fewer and larger
particles generated form adhesive #33220 were removed form the stock slurry by the
0.062 screen and the 0.006 screen to a much larger extent than the 0.014 screen and
the 0.006 screen used with the #33226 adhesive. This can be seen in comparing
figures 3 and 4. The separation processes were more efficient in removing the larger
particles at equal flow rates, pressures and reject rates. With the larger particles, the
separation processes appeared to be quite efficient with final contaminant levels of near
10 ppm for total contaminants (post-stained dirt analysis) and near zero for the Delta
analysis.
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Figure 3, Dirt Level versus Location in Recycle System for Smaller Particle Size
Adhesive #33226
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Figure 4, Dirt Level versus Location in Recycle System for Larger Particle Size
Adhesive #33220
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