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Synthomer
Background




Our Products Are All Around You

Our high-performance, highly specialised polymers and ingredients help
customers make products that bind the world together.

Employ 4,200 people working across Europe, US, Middle East, and Asia
30 Manufacturing sites + 4 innovation centres of excellence
Headquartered and listed in London, UK
2023 revenues were £2.0 billion and EBITDA £142 million
3 Global Divisions aligning to end markets

Coatings & Construction Solutions

Adhesive Solutions

Health & Protection and Performance Materials



5 Acrylic Dispersion
Reactors

- 250

- 2000

- 7000

- 7500

- 8000

16 Hour Avg Cycle Time
200 + Products
37 kTon Annual Capacity

Roebuck, SC site

e J Waste Water
' Treatment
Polymer Plant D
] 7500 RX
Polymer Plant A
250 RX
2000 RX
7000 RX

_ 8000 RX

Maintenance

Warehouse - .
~ _Admin
Office Receiving
Warehouse™,
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Process
Overview
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I Exothermic Polymerization

“Monomer Mix Tank”’

—

Wired to DeltaV CSLS:

- CTWR Temp

- CTWR Flow

- CTWS Temp

- MMT Bottom Valve
Solenoid —

Are the instruments SIS

instruments (SIL rated)?
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I Overfill Protection
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Acrylamide
2-Ethyl Hexyl Acrylate
Ethyl Acrylate
Butyl Acrylate
Acrylonitrile

Methyl Methacrylate

Vinyl Acrylate
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I R8000 SIS Protection

HY2313 HY2390 HY2391 HY2300 HY2326

(Water Header) @ (MMT1 Charge) (MMT2 Charge) (MMT1 Bottom) (MMT2 Bottom)

MMT1 High Level X X
MMT2 High Level X X
Monomer Accum X X
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Overfill SIS Strategy



I Overfill Protection
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Acrylamide
2-Ethyl Hexyl Acrylate
Ethyl Acrylate
Butyl Acrylate
Acrylonitrile

Methyl Methacrylate

Vinyl Acrylate
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Highly flammable and
hazardous
monomers. Would
never want the tank
fo overflow and
monomer continued
fo be pumped into it.
Tank is sealed but the
monomer will go
somewhere....



Monomer Accumulation
SIS Strategy
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I R8000 SIS Protection

HY2313 HY2390 HY2391 HY2300 HY2326

(Water Header) @ (MMT1 Charge) (MMT2 Charge) (MMT1 Bottom) (MMT2 Bottom)

MMT1 High Level X X
MMT2 High Level X X

Monomer Accum @ D
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I Exothermic Polymerization
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f\

CW Supply

CW Return
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“Monomer
Mix Tank”

Heat Removal Calc:

HR = AT x Mass Flow
HR = (Tretyrn — TSupp,y) X Mass Flow

Where is the heat going?

1. Heat removal in cooling water (Majority of heat)

2. Heating up mon mix. MMT is ~60F, RXN run at
180F (45k Ib)

Assumed Minimal Heat Losses:

3. CAT is ~40-80F (Water Temp) (2k Ib)

4. Condenser on top of RX condensing material

g. Heat lost to room through tank

/

Heat added through agitator turning.
Others?
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I Jacket Cooling/Heating System

Full Full
Cooling Heating

CW Return

CW Supply
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Synthebond 6090 - 2/2/2025 @ 21:30

Exothermic Polymerization

If ACTUAL HR ever goes
below EXPECTED HR for
over 30 minutes, the SIS
system will trip the batch

Actual HR
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should always be above

Expected HR™

3 Mon

Farameter Eeference

. ESD_RE3000MoN_ACCUMBTL _RATE.CW

. ESD_RESO000MCN_ ACCUMILSCALC IOLITZ CW
g _,.'l'., CCUMILSCALCTIOUTT W
. ESD_RESO000MICN _ ACCUMTOTAL CALZ BTLLCY

19

*ESD_

Crescriptar

ESD 3000 Reactor
ESD 8000 Reactor
ESD 3000 Reactor
ESD 8000 Reactor

3AM

YValue

49494.00
216.13
0.00
0.00

IInits

Timestamp

2R2025 91925 P
20259 91925 P
2R2025 91925 P
2025 91925 FM

6AM
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Exothermic Polymerization

The Goal:
Make these two
lines as close
together as
possible while
also not tripping
out all the time.

BUT, it is also ok
The SIS trip threshold is set that these lines

based on process modeling separate as the

3 Mon An average heat generation As the reaction
is calculated and then used goes, there is less

Farameter Reference Descriptor to set this curve and less monomer
B ESD_RE0OOMON_ACCUMBTLU_RATE.CY ESD 2000 F §:25 Py fo pool, so the risk
B EcD_Ra000MON_ACCUMLECALCTIOUTZ.CY ESD 8000 Reactor  216.13 AR2025 91925 Ph of huge monomer

oo i S — . accumulation (and
*ESD RS On ACCUMILSCALCTIQLITY OV _ NEzh .
*ESD_RA000MON_ACCUMLSCALCTOUTY ESD 8000 Reactor  0.00 22025 91925PN oo runaway)

. ESD_RS000MOMN_ACCLUMTOTAL CALC_BTU.CY  ESD 5000 Reactor  0.00 2025 91925 Ph goes down.

20

of this first 10-15 batches. ok €action goeson.  L_L_



Synthebond 6090 - 2/2/2025 @ 21:30 If the reactor is

| having a hard
: time controlling
|

A M the reaction, the g

) operator has the )
option to slow
down flows prior

to the SIS tripping
= the batch.

AEEwAY -

) Farameter Reference Descriptar Value Lnits  Timestamp
_f "" . b . ESD_R2000Mmop_ACCUMBTL_RATE.CV ESD 2000 Reactor 1500.00 222025 11:46:24 Phd
— i '--’—.* ESD_RE000MON_ACCUNMLSCALCTIOUTZ. CY ESD 2000 Reactor 188360 222025 11:46:34 Phd
?_]L—_JI . ESD_RB000MCR_ACCURMILS CALCTOUTT G ESD 8000 Reactar 148261 222025 11:46:34 Phd

: i

| B Es0D_RE0OOMON_ACCUMTOTAL_CALC_BTU.CY  ESD 8000 Reactar 72435 2202025 11:46:34 Phi

| : L] | U Fl-BO000-2217SIPY.CV RE000 Circ Water Return Flow - 515 753.4 GPM 222025 11:46:34 P
B TI-2000-2216SPY.CY RE000 Circ Water Return Termp- 515 476 °F 2252025 114634 Phi

. 3 MDn | FC-8000-2303PIDPY.CY T113 Feed Flow Contraol -0.0 Ibitnin 20202025 11:46:34 P

FC-8000-2335/PID1PY.CY MMTZ to R112 Flow Control 132.8 lbirmin 20202025 11:46:34 P



Synthebond 6090 - 2/2/2025 @ 21:30

LI T O O O

(0

Actual heat
removed total

goes up when it
has cooling flow

andaATl
\

Actual heat
removed total
exceeds the
expected heat
removal total

(-~

' /]
"_'A-v
~,

22

FParameter Reference

B ES0_RS000MON_ACCUMBTU_RATE.CV

B Cc0_RE00DMON_ACCUMILSCALCTIOUTZ.CY
B ES0_RE000MON_ACCUMILSCALCTIOUT.CY
B EcO_RS000MON_ACCUMTOTAL_CALC_BTU.CV
I FLBO000-221TSIPY.CV

B+ TI-8000-221 BSFV.CY

[ FC-8000-2303PID1PYV.CY

. FC-B000-2335PID1PY.CY

Descriptar

ESD 2000 Reactor
ESD 2000 Reactor
ESD 8000 Reactor
ESD 2000 Reactor

Yalue LInits

1600.00
-1854.93
12.87
1.08539e+07

RE000 Cire Water Return Flow - 515 139.2 P

RE000 Cire Water Return Temp- 515 125.3 “F
T113 Feed Flow Caontrol -0.0 lbirmin  2F202025 11:12:22 P /
MWTZ to R112 Flow Control 162.0 lbirmin 27202025 11:12:22 P absorblng that heat

Timestamp

222025 111222 PM
21212025 11:12:22 P
222025 111222 PM

222025111222 PM

1212028 11-12.22 P heat and the cooling water is

Vessel starts heating up

Jacket tries to cool by
increasing CW flow

\Return temp jumps up because
222025 1112:22 PM the RXN has started generating
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I Instantaneous Heat Generation

4000

* Each productis =
different oo

e Each hour is
different
2000 e S0 6022

* Some products e synsa1n
are more e Bl
exothermic than ww
others

2500

500

23
-500



9.00E+08

SA223 Trip - Totalized
Line Setting ... remeve

* Jotalized Heat 6.00£+08 Heaf
Removal Removal
5.00E+08 - . .
. Trip Limit
» What is the goal?
4.00E+08
— Tight but robust
. . . 3.00E+08
* Trip is pertinent to
sampled product 2006448
runs
1.00E+0D8
* Last hour typically
tails off as the R : , : : : :
reaCtiOn dieS e S A 23 425/ 2020 e SA2 23 5/6/2020 ommemSAI D3 5/11/2020 w5 AZ 23 5(16/2020

—SAZ 23 THPINE A2 23 5182020 e—5A8223 65/ 112020 e—S4223 617/2020

24
— A0 73 E/2020  e—CA2 23022020 e—CA2 23 11 /16,2020 m—CA2 23 152021



AES51 Trip
Line Setting

- AES1 Is a 2-stage
flow
* Not ever

* Point 3
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1 40E+09

1.20E+09

1.00E+09

B.OOE+08

6.00E+08

4 00E+08

2 00E+08

0.00E+00

Totalized
Heat
Removed

Heat
Removal
Trip Limit

2 3 4 ] 6 7

—E_,Irﬂﬂl:ﬂl | 1 pliNE —E-,"E,"EHEJ —I-',."lﬁ,.".?ﬂ.?l
s 1 ][ 217 2 e | [ 2 202 7 e 1 [ 29,/ 2022



SA223 vs
AE5S1

o Jotalized Heat
Removal

 What is the goal?
— Tight but robust

* Trip is pertinent to
sampled product
runs

* Last hour typically
tails off as the
reaction dies
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1.20E+09

1.00E+03

B.00E+08

6.00E+08

4 DOE+DB

2 00E+0B

0.00E+00

Totalized Heat
Removed
- SA223

SA223 Trip

AES51 Trip

1 2 3 4 5 B 7 8

e 5A2 23 4/ 20/ 2020 e 58223 5/6/2020 e SAZ23 5112020 e SA2235/16/2020 54223 Tripline
m—— A2 23 5/18/2020 =——=S5A0236/11/2020 =——SA2236 17 2020 =—SA2230 472020 ———SA22300202020
e 542 23 11 /16/2020 s 58223 1/5/202]1 o AES] 6/Bf202]1 s AES1 6/9/2021 — == AES1 7/16/2021
m—— AF5] 1/24/2022 =————pES1 17282027 =——pES]1/20/2022 =———pAES] Trpline



4530 vs 4389

* 4530 Aggressive
Reaction

« 4389 Weaker
Reaction

* Point 3
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1 40E+05

1. 20E+05

1.00E+09

8 .00E+0B

6.00E+08

4 00E+0B

2.00E+08

0.00E+00D

1 2 3 4 5 B 7
— 4389 12/1/20227 ———— 4389 12/11/2027 = 4389 Tripline = — 4389 1/5/2023
—— 4389 1/12/2023 —— 4530 Tripline =~ ——— 4530 6/16/2020 —— 4530 6/30/2020

— 4530 7/5/2020 == 4530 7/25/2020 =——— 4530 8/13/2020 =—— 4530 8/15/2020



Benefits and Challenges



Challenges

* Delays in the process create false trips
(calculated heat removal is totalized

over time and expected heat removal is

not delayed if the process is tripped)

- Seasonality can shift the data
 Setting the trip threshold:

29

Different products = more work
Robustness vs Effective Monitoring
lterative, challenging process

Can shift with seasons or overtime
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1.80E+09
1.60E+09
1.40E+09

1.20E+09

1.00E+09

8.00E+08

6.00E+08

4.00E+02

2.00E+02

0.00E+00
1 2 3 4 3 6 7 8

—Tripline —s—10/25/202]1 e—]10/31/202] e—1/1/202] e—]]/4202] —e—1]/18/202] e—11/30/2022
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Benefits

Adds a safety blanket against monomer pooling and rapid exothermic runaway reaction

Allows for effective monitoring of very different exothermic reactions

— Each exotherm is different, and the SIS allows for the setting of the trip threshold to be adjusted up and down based on the
rate of the heat being generated

Data collection and processing gives insights into the process. These can change over time and need to be
continuously monitored.

— Heat transfer fouling
SIS can trip based on other issues as well such as....
— Raw material mix deviances (Operator mis-charges)

— Bad raw material quality (Poor catalyst material will lead to poor exotherm)

30



Lessons Learned
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I Lessons Learned

» SIS is a powerful tool to monitor an exothermic process - through process modeling, you
can set the trip limit differently for different products.

- Monomer Accumulation is monitored in other reactors in different ways. The way it is
monitored in the 7500 is probably the simplest and most simple and robust way.

— 7500 has a trip — compare reactor temp and circ water temp. If circ water temp is
within 10 degrees of reactor temp for more than 30 min and the monomer feed
pump is running, then the pump trips. Challenge here is some products that trip
frequently. SA225 second flow the jacket is still warm for more than 30 minutes after
the flow starts. Probably best to make the temperature difference and trip time delay
tunable for different product exotherm intensities.

— 7000, 2000 just alarms
«  Seasonality
* Process interruptions cause trends to shift, false trip

32
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I Alternative: Simpler Monitoring

* Interlock on Monomer Pump
* Trip Condition:
— (TRX - TJKT ) <10 °F & Pump Running for 30 min

f;
* For most of our products, if the reaction is proceeding as
It should be in order to maintain the correct reactor )
temperature the jacket temperature will be 10 °F below

the reaction temperature. The key is that we are trying to
hold the reactor at a constant temperature.

« SA225 second flow the jacket is still warm for more than
30 minutes after the flow starts. Probably best to make
the temperature difference and trip time delay tunable for
different product exotherm intensities.

33
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I Summary

» DeltaV SIS is extremely user configurable and can fit any application.

* This configuration strategy allowed us to monitor different exothermic products
with customized trip limits to that product.

* Improvements:
— Make the model adjust for time and process interruptions
— Seasonality affects

— More Simple, More Better?

 Data drives insights into your process.

35
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Thank You



(‘ b ACCELERATIN G
" INNOVATION

Appendix



EEEEEEEEEEEEEEEEEEE

d) ACCELERATING
INNOVATION

I When it trips...

Need some screenshots from an example batch when the SIS tripped.

@Eric, can you get me some batches that tripped SIS? When did they start? What was the root cause?

Process shifted around November/December of 2022 and had several trips in a row on multiple products (6090, 6022, etc....).
Correction was to shift the heat rates down.

What causes this?

Bad monomer mix? Mischarge?

Bad catalyst mix? Mischarge?

Bad heat removal?

How many trips?
- We've never actually had this trip from a true monomer pooling situation.
- Typically, it trips because there’s been a delay in the process. Causes the curves to shift. (CAT re-start bug, recently fixed)

- When monomer pooling does happen, the issue is that it doesn’t react, it doesn’t react, it doesn’t react, then it all reacts at once.
At that point you have a lot of fuel.

38
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When it trips...

* Has there ever been a high-level SIS trip on the R80007
— No instances (since startup of R8000 in 2019) of real high-level trip.
— True end to end test (every six months)

» What would happen if it did overfill? Would monomer spill out or would it
remain contained in the vessel?
— Whitney Answer: Tanks are sealed, BUT, the monomer will go somewhere. In
the past the tanks were un-sealed and monomer would come into the room. In

a sealed tank the monomer would probably go into the vent and into the
scrubber system. Could also go into the 4000 or 1500 (open tanks) through the

vent system.

39
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6090 from August 2022 - January 2023

REMM Reaction {515 version} (R8000 Product) (Lane 1)
Syntheho... [Eynthebond 8050 [Synthebond 6080 [Synthebond 8090 [Synthebond 8050 [Eymtheho... [Synthebond 6050 Synthebond 8050 [Synthebo... JSynthebo_. [Eymthebon.. Eynthebo... feynthebo- J5ynthebo... syntheto._ Jsynthebo_.. [synthebe
EN

ol [ynitheb:
PA:TI-GEN-161T.PV [Lane Z)

A e *Lane 2 is Ambient Temperature
IO . 0 ~~_ o] gane 3 Is the totalized Heat
~—~—  Removal vs SIS trip limit (I
latched the original SIS trip curve
1oms) | T R /| to remove when Whitney updated
/ y. / /| the curve)
N N N W Wy 4 /48 A8 A8 4 { | eLane 4 is total time heat removal
£ £ e S L A R A0 £ AN A8 ¢ was less than the trip curve
[ ane 5 is the difference between
/— the totalized heat removal and

SIS trip limit

Difference between heat removal and trip point (Lane 5)

7.4 e ,"l j | Fa { Il'l A ‘ ¥ i |
A LWL | hi i f AN A/ = 3
iy ! 4y A ey \

raN
.
MY
i
i ! Al P Wi A L, v
A '-'l ,-"ll y J \' “' P I'..I i ‘I -'".' '!I
| ¥ [ i i,

S 1 A hf o - A - } I /
[ ni ol I ol il . 5, hoad h f f
af A il w N o\ YA ! Wi iy - ardy o~ (V1 Ay
nf N Al T N e wa i, T AN T R e B Al fig Vit
& Y 2 " : 1 =f A (T A ~ \ Yo A s A -1 F |
V | |

= L 1 1 | “
8/4/2023 4:04 AM UTC d@q < 6 months ’ 123 H s ‘-El 2/2/2024 4:04 PM UTC
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I 6090 from August 2023 - January 2024

REMM Reaction {515 version} (R8000 Product) (Lane 1)
ynthebo . fsyntheb. feynthebond s0s0 fEynthebond 60e0 sy ntheba i Eynthebo._. [Eyntheho hebond 6060 fSynthebo_. fSynthebo__fsynthebon._fynthebo. . fSynthebo. . fsynthebo . fSynthebo_ fsynthebo. . Jeynthebon_ |

PA:TI-GEN-161T.PV [Lane Z)

F 4 ,‘i.'ll,'l s 4
i ¥ i i P ) I Nurl“ﬂ"i\-._ A 1 'q‘.m.. e
i - Mo ot e A e o R S s L
ol o ——— & "ol Wi 0 e N
i - A L \.I\ N“-‘“‘"\ e /
a Gl e . ~, = \
e P ome——yy v ; o = AN
=¥ = il ~ g7 L e, !
40 T | T : SN > s .- &
o ) |' e i CE T
ey
synthebond 6090 Heat Removals (Lane 3]
I / £ . A .
L5E+3 / / / / / ; /
A i l."r' A Fs i .J'II g _.Jf A
/ / / / / I.fJ / I'; / / 3 / J % iy / / i
1.0E+9 Ix / Y, / p 7 }.’ / o / / p f."f .-') 7 / v / , / ’.-'f ,r'. | -
/ / i / / / / / ;. / i / / / / P / /
IIr ! / / .—'l | |"l { -'ll .'Ill ! [ f"i_—| { | / ; ! { Vi i / i
_ o r o g Ia r = 1= o~ -, ~ # J w4 ~ f - } i r Vi
SO0.0E+6 | o / / J # / J g J / A J s r / = J . A A .
L // i / ) J B . K 5 S - / i = Vi Py 2 o o |
> A A/ / J - £ A - A ~ o / . / - / J ~ ~
g o 3 o L . / - = y.d o il ) T A P /’r e ! 4 ! & o
C - - S - | - . . . .
Total Time Below Trip (Lane 4]
200
[ =
E
100
o — — ) I i
Difference between heat removal and trip point (Lane 5)
400.0E+6
Y i . o
i rd N A | J
200.0E+6 [ o f’f [ ﬂ{"'J v A r A
& i { ; A / A
o Il N A M I A | Af pY
' 4 | N | Y W LW - .II
Al 'ad iy af et |"I { Y rlll' II = 7 ey G | ik |I‘I'||l ]
f L .-'ﬂ L] ¥ 4 N i 2l n g 'I n’. W '\l f',l' .'J ; 4¥a 1 o X A I/- i |\.|I . .'”\'I II. A o ." | ,f‘l ¥ \
", y r o Ll W | TP [TRE | 1Y |

0 e | 3 5 X | - |
8/4/2023 4:04 AM UTC « < 6 months ’ » H o "El 2/2/2024 4:04 PM UTC
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