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2.1.4.2-1 ¥ —5 URRC, PT IQEUY1 2)VPE TAKSEDMBEOMWEDT
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2.1.4.2-2 BFE—1 RERICIIBENRE (RIELEC: 205, 128 )

BHELEREY ot

2aRy HEREY 7 DA Sk
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2.1.42.-2 PE-5

UHA 7 )R MV ORES

Eﬁﬁf!ppﬂl
A (0%) B (10%) | C (30%) D (100%)

SR N—=T D5 DR e 7217 > () E
P 24 24
£1Ge 40 28
B|Sb 5LLF 35
21si 0.5 LAF 2.0
HiiFe 0.9 3.6
Co 0.5 L4F 4.5
AA 5.8 4.5 3.3 2.5
EG 3.3 4.4 3.4 2.3
DEG 0. 4 0.5 0.5 0.3
#| TPA 3 3 4 7
H|MHET 23 17 20 18
7| BHET 31 29 33 25
FIMMT <1 <1 <1 <1
DMT <1 <1 <1 <1
CT 3050 3040 3270 3690
C4~C38 1920 2020 2090 2460

(B3E) AA(Acetaldehyde), EG{(Ethylene glycol), DEG(Diethylene glycol),
TPA(Terephthalic acd), MHET(Monohydroxyethyl terephthalic acd),
BHET(Bishydroxyethyl terephthalate), MMT(Monomethyl terephthalic acid)
DMT(Dimethyl terephthalate). CT(Cyeclic trimer)

2.14.2-2 BE—-6 UM%

Vi TR e R Rt

K 85Ct 2T

45% T &) —) 25C+5C

25% L5 /) 55C+2% 50% 30 B
4% BFER 40C+2C
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2.1.42-2 B#/—7 KTOBEHMT

B4 ppb (wt/wt)

= A A (0%) B (10%) C (30%) D (100%)

AA ND<100 200 <200 | <200 <200 |<200 (<200 |<200 :<200
EG 10~20 198 215 236 235 154 253 181 180
DEG ND<{10 ND ND ND ND ND ND ND ND
TPA ND <1 1 11 1 <1 17 i
MHET ND 3 2 R 2 i 2 R
BHET ND 2 | ] 1| 1| 1 1 |1
MMT ND ND : ND ND i ND ND i D ND : ND
DMT ND ND i ND ND : ND ND i ND ND : ND
CT ND ND | ND N> | ND ND | ND ND | ND
C4~C8 ND ND : ND ND ¢ ND ND : ND ND i ND
Ge 0. 028 2.2 1 2.2
Sh 0. 019 0.5 ¢ 0.5
Co 0. 003 <0.1 | <ot
Fe — <05 ¢ 0.7

) 7527 BIBRIET TEHAFRRELU.

21.4.22 BFE—8 45%T¥ /I TOBRHIT

BT : ppb (wt. wt)

=E T A (0%) B (10%) C (30%) D (100%)

AA 200 200 1 300 200 1 200 200 1 200 200 200
EG 10~20 259 | 251 229 | 206 247 | U7 254 | 223
DEG ND<10 ND : ND ND ¢ ND ND : ND ND : ND
TPA ND <l i1 1 1< 1 1 <1 11

MHET ND ND | ND ND | ND ND | ND ND | ND
BHET ND ND : ND ND i ND ND i ND ND : ND
MMT ND ND i OND ND i ND ND i ND ND i ND
DMT ND ND | ND ND | WD NDb | ND ND | ND
CT ND ND i ND ND i ND ND ! ND ND : ND
C4~C8 ND 13 18 9 i 8 20 ! 14 18 : 18
Ge Bl i 6.0
Sb 0.5 §| 0.5
Co <0.1 ¢ <01
Fe <0.5  <0.5
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2.1.4.2-2 HF#E—9

20%x1% /) —IITOBRUMH

BT : ppb (wt./ wt)

T T30y A (0%) B (10%) C (30%) D (100%)
AA 200 300 ¢ 200 200 @ 200 200 i 200 300 : 300
EG 10~20 269 i 264 269 ¢ 295 232 1 235 180 ¢ 216
DEG ND<10 ND | ND ND ND ND | ND ND ND
TPA ND R TR 11 11
MHET ND R 4 1 4 4 1 4 S
BHET ND 4 | 3 3 | 3 3 | 3 2§ 2
MMT ND ND ¢ ND ND i ND ND i ND ND i ND
DMT ND ND i ND ND : ND ND { ND ND i ND
CT ND ND | ND ND | ND ND | ND ND { ND
C4 ~ :' :

Cs ND 5 P4 0 4 e 5 01 4
Ge 3.4 3.2
Sh 0.6 : 0.5
Co <0.1 : <0.1
Fe 1.2 | <o.1
(E) D O7HHi{# Ge, Sb, Co, Feld, T3 7 2E L3\,

2.14.22 BIE-10 4%HBRTORHIH
KT : ppb (wt,/wt)

5 T30y A (0%) B (10%) C (30%) D (100%)
AA 1600 1900 1900 | 2300 i 900 300 i 1500 800 ¢ 1200
EG 10~20 143 | 150 176 | 152 160 | 129 139 | 132
DEG ND ND | ND ND | ND ND | ND ND | ND
TPA ND 1 ¢ ND <l : ND <1 i < <1 I <<
MHET ND 3 12 2 1 2 2 2 R
BHET ND 2 | 1 1| TR 1] 1
MMT ND ND ! ND ND : ND ND : ND ND ! ND
DMT ND ND i ND ND i ND ND i ND ND i ND
CT ND ND | ND ND | ND Nb | ND ND | ND
gg ~l w R N PN R M W
Ge ' .3 | 1.3
Sb 0.7 ¢ 0.7
Co <0.1 | <0.1
Fe 6. 9 6
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9. 1.4 4 FAFER—1 Ea—9—ioRBERES (1)

Ctassification: For general use: X For Internal use only: O Filed at: TP51/Christel
Confidential: O Secret: O™ at

Title: Bottle-to-bottle processing trials for JPBA

Requestedby:  H.Hara/BYOK Subject Code{s): Laboratory Test

Author: TP51/Christel; PTR41/Schwelkle; PTR32/Pfister; Phone No.: ++41 71 955 1229
PTR3/Borer

Customer: The Council for PET Bottle Recycling

Circulation,

Complete The Council for PET Bottle Recycling

Report: H. Hara/ BYOK,
QL22/Widmer; Authors

Circulation,

Title Page only: PTR12, TP1, TP2/Blumer

Key-Words: Crystallization, SSP, extruslon, recycling, PET, RPET, JPBA

Summary

For an evaluation of the decontamination efficiency of the Buhler bottle-to-bottle process four different
materials with different types of contaminants and contamination levels were processed on the Buhler
pilot plant extrusion and SSP equipment.

A pretest was run with uncontaminated product to establish optimal running conditions for the pilot
equipment.

The products were extruded at 290rpm, 180kg/h. Although different in flake contaminant level, the
extruded pellets had simitar properties: IV between 0.698 and 0.716; color b* between 4.71 and 5.81.
The products were crystallized at 175°C and upgraded over 10 hours at 215°C in the SSP to an IV
between 0.811 and 0.837.

The trials were attended by five members of the Japanese Bottle Association (JPBA).

Samples were taken to allow monitoring of each process step. Samples and all finished products were
returned for analysis of contamination concentrations.
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Aftachments: Extrusion conditions

1

2. SSP conditions
3. Fraunhofer contamination procedure
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5. Table of results
6. Graph—-1Iv

7. Graph - color L
8. Graph - color b*
9. Sample Plan

1. Introduction

Bithler AG is offering a comprehensive technology for bottle-to-bottle recycling suitable for
applications with direct food contact.

Food approval petitions have been file in various countries including the USA (FDA).

To evaluate the decontamination efficiency specifically from Japanese material, a decontamination
trial was carried out by Buhler with materials provided by JPBA.

The contamination of the flakes was performed according to the guidelines published by the Fraunhofer
Institute and an additional protocol developed for JPBA. To evaluate the influence of the washing step
two materials were washed before reprocessing. The washing step was performed for JPBA in Japan
The washing conditions were selected by JPBA and are representative for the Japanese market.

2. Flake: Materials and Properties
2.1 Materials :

Material 1
110kg of Material 4 contaminated at Buhler to 1000ppm level according to Fraunhofer
contamination procedure. (see attachment 3)

Material 2
50kg of flakes contaminated by JPBA to 1000ppm level according to Fraunhofer contamination
procedure and washed in hot water with 3% NaOH.

QSK | Filename: #f1#%.DOC [ owospo [ AL 237 | Formt |

-38.



Technical Report | version: 01/05/30 Page 39 of 5 B
ps No.DS 516 565 Dept. int. Code:  Ref. Nr. 00-476

Material 3

50kg of flakes contaminated by JPBA with trichloroaniscl and motor oil and washed in hot water
with 3% NaOH.

Material 4

800kg of clear washed flakes from Japanese collection.

2.2 Flake Properties :

Flake properties Material 4 Pretest :

+ Color : clear
+ Bulk density : 406kg/m°
« LV : 0.765 thin flakes; 0.729 thick flakes
* Moisture content : 6015ppm
+ Color ' L=7559;, a=-031;, b=1.29; yellowness =273
* 7Color in heat :from  L=92.87;, a=-0.05, b=3.56; yellowness=6.86
to L=93.37;, a=-0.01; b=395 vyeliowness=7.61

measured on powder (1mm screen) before and after heat treatment 30 min at 230°C

Flake properties Material 4 Challenge test :

«  Color : clear

e V. : 0.747 thin flakes; 0.725 thick flakes

* Moisture content : 5400ppm

* Color :L=7761, a=-0.34; b=1.49; yellowness=3.07
* Sodium : 24.8 mg/kg

3. Extruder Test

3.1. Pretest :

The processability of the product was tested at standard running conditions with 290rpm and
180kg/h throughput. After the run the degassing line from the drying vacuum was found to be
blocked in a bend of the hose by wet flakes. The problem was corrected by shortening and
straightening the vacuum line.

Extruded pellet properties Material 4 Pretest :

* Pellet shape : cylinder, oval

* Pellet size :2.0mm x 3.0 mm x 3.0 mm

* Pellet weight : average 16.7 mg

¢ Color : clear, yellowish

» Bulk density : 770 kg/m®

LI RYA . 0.667

*  Color :L=627;, a=0.13; b=5.19; vyellowness=13.77

The relatively large IV drop is assumed to be due to the blockage in the degassing line.

QsK Filename: {3 #%}.DOC | ouespo | AL 237 Form. 1
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3.2. Challenge tests :

The extrusion line was started using non-contaminated flake. The contaminated flakes were
supplied from a separate feeder. The material change over was performed after stable running
conditions were achieved. After a change-over transition material was discarded for about 3

minutes.

The materials were processed in reverse order Material 4, 3, 2, 1 to have the more contaminated

products follow the cleaner products.

All products were processed at standard running conditions with 290rpm and 180kg/h.

A summary of running conditions can be found in attachment 1

Extruded pellet properties Material 1 :

* Color : clear, yellowish

s LV : 0.698

= Color :L=654, a=-0.07; b=4.80; yellowness=12.14

Extruded pellet properties Material 2 :

* Color : clear, yellowish

« |V 1 0.713

+ Color :L=6497; a=0.21; b=5.81; yellowness = 15.05

Extruded pellet properties Material 3 :

* Color - clear, yellowish

+ V. :0.716

« Color - L=6558; a=0.22; b=492; yellowness=12.72

Extruded pellet propetties Material 4 :

* Color : clear, yellowish

« V. : 0.701

+ Color :L=64.67, a=0.0;, b=4.71; yellowness=12.12
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4, Crystallization Test (LOTWG)

Material 4 Pretest was crystallized in the pulsed bed laboratory crystallizer LOTWG at 175°C.

Parameter Sample
Residence time [min} 20
Weight [g] 3628
Bed Height [mm] 150
Gas flow rate [nm°/ h] 130
Pulsator [rpm] 130

| Taasin [°C]  set point 175
| Toasin [°C] _measured 174
| Tgas. ot [°C] measured 143
Twa[°C] ____measured 160
Ap [mbar] 11-22

The stickiness tendency is high.
After mechanical agitation, the RPET could again be fluidized.

5. SSP Test (LOKTN)

PET from the crystallizer was transferred to the laboratory SSP-reactor and treated. . Samples were
taken after 2, 4, 8, 12, 16h residence time.

Parameter Sample
Residence time [h] 16
Weight [g] 500
Process gas N2
Gas flow rate [I/ h] 1200

| Teasin [°C] _set point 215
IV Oh [dl/g] 0.667
IV__2h [dl/g] 0.653
V. 4h [di/g] 0.696
IV 8h [dl/g] 0.737
IV 12h [di/g] 0.782
IV 16h  [dl/g] 0.802
QsK Filename: ifif1#¥.DOC 01/0530 | RL 237 Form. 1 |

.41.



