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DR. THIELE‘
POLYESTER TECHNOLOGY
1. Process type comparison

The following process type and plant philosophy comparison is based on process designs from (former)
engineering companies of technology origin. Basically there are three different process designs present

which are
“DP” DuPont type — 3-reactor — high process temperature
“UIF” UIF /Hitachi type — multi stage 2 — 5 reactor — medium process temperature
“7” Zimmer type — 3 — 5 reactor — low process temperature

There is no extension made to the versatile variations, advancements and copies mainly from Chinese
engineering companies like Joyou, CCFEI, HUITONG Polyester. Meanwhile numerous large polyester
producers established their “own” polyester technology based on the input of know-how carrier from
outside and in-house-engineering.

# Monomer preparation and feeding
All modern processes are using slurry or paste feeding

# Molar ratio MEG:PTA

Past: MR from 1:1,02 - 1:10 “Z” and “UIF”-type, others;

Slurry MR 1:1,70 - 1: 1,90 applied by “DP”-type only

Total MR including EG from the column 1: 1,65 -1 : 1,8 (“Z”-type as example)
Upto 1:2,2in other processes (“DP”-type);

Paste and slurry viscosity depends also on PTA particle size, paste temperature and kind of paste-mixer.
Sufficient paste temperature is 40 - 60°C ....90°C (additional of heating capacity to support VE, paste
reactivity is influenced by surface wetting of PTA)
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1. Process type comparison

# Heating

Two philosophies: HTM steam and liquid heating (cost factor)

HTM steam, more simple equipment, good for higher process temp. liquid HTM, more
complicated equipment, good for lower process temp.

# Some typical esterification parameter temperature, pressure and residence time
*) two separate esterification stages — ES1/ES2)
The parameter vary in a wide range and are the base of the process philosophy

Temperature [°C] 275 -285 255 /270 245 / 260

Pressure [bar] 2,8-3,0 2,0 /1,0 1,8/1,1

Residence time [min] 60 90/ 60 >250/< 100

Conversion rate [%] > 96 86 /96 81/98

Process type more kinematic - > more static process
process
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1. Process type comparison DE.THIELE‘ = R
POLYESTER TECHNOLO

Velocity esterification = f [ T, p, MR*, c(KAT), c(H20)]
Conversion rate of one stage =f [ T, t-res. p, MR, c(KAT), c(H20)]

Valid for microscopic volume elements = micro kinetic
- Technical or macro kinetic and product quality depending on
more parameters like

# Heat transfer at the reactor wall

# Delta T wall/reactant, heating area

# Product flow velocity, foaming, degassing, surface tension

# Reactor filling height or hydrostatic pressure = H20 partial pressure
# Mixing and distribution of feed and backflow, backflow composition
# Residence, residence time distribution

# Particle size and particle sizer distribution of PTA (BP PTA is setting the
standard in particle size)

# MR represents two kinds of reaction: solid-liquid and liquid-liquid
reaction = solubility of PTA in the reaction mass = f [ T, conv. rate]

# liquid-liquid = f [ solubility in the reaction mass]

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THIELE‘
POLYESTER TECHNOLOGY
1. Process type comparison

# Control of the DEG level
- DEG = f [ MR-feed > MR-tot, T, p, c(H20), c(KAT), t, c(H+)]

The control of the DEG level is decisive for the capacity flexibility of the process. The customer is satisfied, if
the plant is able to produce A-grade polymer in a range from (40)...60 - 100% throughput/capacity.
(History: addition of amines or alkali to suppress DEG formation )

General rule: As faster the process as more difficult to maintain a desired DEG level over a broad
throughput/capacity range .

Low-DEG processes (“DP”, “Z” bottle) need artificial DEG adjustment. As higher the throughput as lower the
DEG content > more DEG is added to maintain for instance 1,1...1,5 % DEG ( important for fiber and filament
spinning to get uniform dye ability).

Meanwhile DEG adjustment during throughput/capacity change by feeding 0,2 — 1,0 % DEG ( for instance
DEG feeding with the catalyst) is widely introduced in the bottle and fiber grade PET production.
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1. Process type comparison

# Control of the DEG level

- About 80% of the DEG is created during the first esterification
The DEG concentration is proportional to the esterification degree

Feed molar ratio impact > impact of total MR

v vV

Lowest possible EG (bound and free) > SAP (saponification number in
a range of 570)

N

H20 conc. is depressing DEG but also slowing down esterification velocity (equilibrium impact)

v

Catalyst feed to the paste (minimum 150 ppm) in a low pressure + temperature esterification process
reduces the DEG level

- Removing the Sb-catalyst from the first esterification is causing an increase of about 5°C reaction
temperature to maintain the same conversion rate

- Catalytic effect of antimony in esterification not scientifically studied and verified=> reduction of surface
tension by antimony = bubble nucleation and growing + wetting effect ?
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DR. THIELE‘
. POLYESTER TECHNOLOGY
1. Process type comparison

# Conversion rates, reactor staging/number of vessels, plug flow

The conversion rate differs depending on residence time, pressure
and temperature in a wide range.

- High conversion rates and low residence time will be reached by:
high pressure and temperature “DP”-type

- Low pressure, low temperature, long residence time “Z”-type

Decisive for the final product quality and quality consistency are the reactor internals like chambering
and flow guides to get a balance between ideal stirred vessel conditions and plug flow behavior.
Separate issue is the application of stirrers within the process.

- During the last time the trend to reduce the process vessels, reduced vessel number will guide to a
certain degree in investment reduction (UIF 2R-process).

- At the other hand inner staging to maintain plug flow conditions could ending up
with more complicated vessel design and
higher investment for such single reactors with multiple process stages

- Investment savings do not correlate to the number of stages, functionality and product quality are to
consider, simple process design might be of advantage on long view (simple maintenance,
replacement, revamping, multiple use)
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1. Process type comparison

# Pre-polycondensation parameter *) two separate PP stages — PP1/PP2)

Parameter/Process- “DP”-type “UIF”-type* “2”-type*
type

Temperature [°C] 280 — 285 270/ 285 260 /275
Pressure [mbar] 20-27 2,0 /1,0 1,8/1,1
Residence time [min] 15-20 60/ 60 40/ 60

Finally the PP- figures must be accurately adjusted to the finisher design (aerosol and vapor load are decisive
for the efficiency of the finisher)

Today engineering companies tend to use only one PP reactor containing multiple chambers/stages
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1. Process type comparison

# Polycondensation parameter

Temperature [°C] 285 -290 280 - 290 275 - 285
Pressure [mbar] 2,5-3 0,5 0,5-1,5
Residence time [min] 60 — 80 90 < 200

The polycondensation parameter depending very much on the OH/COOH ratio and the degree of
oligomerization of the pre-condensate.

Rule: the more complete the esterification to BHT and the lower the COOH concentration (low: 40 — 50
high 80 — 90 mequ/kg COOH) the lower the polycondensation rate.

The final IV influence significant residence time in the finisher (example: bottle grade IV 0,54 dl/ versus IV
0,64 dl/g for example 400 t/d versus 200 t/d) = potential of capacity and quality improvement

Temperature profile over different finisher types:

Cage reactor: “DP”-type, “UIF”-type = minor shear stress, high inner surface, no or little temperature
increase need of short residence time and high temperature, entrance and outlet temperature similar

Disc ring reactor: “Z”-type = increasing shear stress with in-creased viscosity, increasing temperature
along the reactor axis, for about 10°C, lower entrance temperature like 272°C, higher residence time
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1. Process comparison aspects
# Total / partial EG recycling/recovery

most of the current processes recycle EG only from EST and PP directly

separate distillation equipment is used for condensates from polyreactor = oligomer losses
total recycling known from “Z”-type and “UIF”-type

“UIF”-type integrate a distillation and remove oligomer sludge directly in the process
Unconditional requirement for total recycling is minimizing oxygen leaks = frekwent leak test

Total recycling saves up to 8 kg EG and up to 4 kg PTA per ton PET

N2 20 2 2N 2N 2

Process and downstream processing: textile and bottle grade need accordingly adapted DEG, AA and
color management)

N

Direct spinning needs besides a very high plant availability and reliability a constant DEG level over
the full throughput range within an IV range 0,62 - 0,64 dl/g

- Bottle grade needs a color adjustment (by toner) and a melt pipe designed to avoid AA generation.
IV range 0,55 (0,49) - 0,62 dl/g
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DR. THIELE‘
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2. Equipment comparison aspects

# Paste preparation
paste mixing vessel - large volume and long residence time,
continuous kneader- small volume, short residence time
jet stream mixer - small volume, short residence time

large volume and long residence time are providing a comfortable plant stability.

With the target to save investment more and more short residence time solutions are coming up.

# Esterification
# Pre-polycondensation

To provide detailed information in this area is difficult because any vendor company is using its own
proprietary and secret design principles. With the capacity scale up details like arrangements of heating
pipes or heat exchanger, overflows, product circulation aids, stirrer, chambering and inner staging are
continuously changed and improved.

Several main equipment parts like stirrer or pumps which are shown in the non-confidential papers of the
engineering companies are very specific in detail.

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THIELE‘
2. Equipment comparison aspects POLYESTER TECHNOLOGY

# Polycondensation

Two main finisher types, the cage type (“DP”-type, “UIF”-type) and the shaft/disc-ring type (“Z”-type
Hitachi) are in the market.

Every Engineering company has further developed and optimized his finisher philosophy. All of this types
are showing pros and cons. Some main points are sealing and bearing, self cleaning effect, maintaining
temperature profile, shearing - chambering - melt homogenization, vapor guidance, finisher production -
assembling - maintenance, scale up, glycol condenser and scraper condenser.

# Chips cutting

Today most proven and reliable is the USG cutting technology of Maag Automatic. Max. capacity > 480 t/d,
disadvantage are relatively high investment and maintenance costs, copy machines of Automatic type are
from Korea and

China available.

A revival we see with the UWG principle original developed by GALA and further developed by Nordson-
BKG. Lower investment, good for low and very low IV, combination with direct crystallization possible,
capacity up to 300 t/d per single cutter plate, standard is 200 t/d.

Bothe cutter types are offering the direct crystallization version which is especially for the production of
bottle resin of interest.
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2. Equipment comparison aspects

# EG recovery

Tendency more and more to establish partial or total EG recycling without external EG recovery. Ability
to run total EG recycling depends more on sophisticated polymer technology than distilling.

# Vacuum generation

EG steam jet pumps in competition with water steam jet pumps and mechanical blower like ROOTS-
blower.

EG steam jet of advantage over all other systems because of energy and material consumption and
environmental impact, closed MEG loop

# Scraper condenser

To maintain a interruption free and smooth production the handling of solid waste out of PP or PK
stages is of importance.

The design package starting from vacuum outlet from the finisher (including buffer plate, vacuum pipe
and scraper condenser) together with the MEG collection vessel is one main part of the melt
polycondensation process.
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3. Energy and raw material consumption

To provide true and relevant figures in this field is one of the most difficult matter when someone likes
to compare the different process types and technologies in the market.

Reliable figures are to get from experienced producers only and are most of the time kept secret.

Different heating and recovery concepts and different calculation bases are present and therefore to
get the single consumption figures is difficult.

As example here the consumption figures of a “Z”-type plant with total EG recycling
PTA 858 kg and EG 335 kg

and a “DP”-type plant with partial EG-recycling
PTA 862 kg and EG 339 kg consumption of DuPont (source
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4. Examples of PET process types

5 reactor process of “Z”-type > 400 — 1200+ t/d, this capacity is also offered as a 4-reactor process,
two pre-condensation stages are combined to one multi chambered reactor

Waste | Additives |
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or cutter
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ycondensation

Paste preparation Esterification = Pre-condensation

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THIEIH
POLYESTER TECHNOLOGY

5 reactor process of “UIF”-type > 400 — 800 t/d

poy
PTA H;0
‘ CAT
EG ADD

|t do . » ' -Op'e
® %“w— ol ol

(% . -

2
m—?ém’éw

ips
M

B ; ¢ - ()

é f—: recycling|
[@um [é: HTM HTH

slurry preparotion esteritication 1and 2 prepolycondensation 1ond 2 polycendensation

Sreactor continucus process for specicl PET products (TPAZEG)

SEMINAR

COPY RIGHTS PROPRIATORY TO: Dr. Thiele Polyester Technology; FOR INTERNAL USE ONLY



DR. THIEI.“
POLYESTER TECHNOLOGY

4 reactor process of “UIF”-type 400 .... 800 t/d
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“DP”-type 3-reactor process up to 700 t/d (Chemtex / M&G up to 1300 t/d and higher in operation

and 2000 t/d under construction)
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2 reactor ESPREE process of UIF up to 600...800 t/d,
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