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AGENDA

Normal Operation & Optimization
- Controlling product purity & optimization
- Operating checkpoints

- Operator displays

- Performance measurement
o Recovery

- Safeguarding the adsorbent
- Alarms and Shutdowns

Reliability and Maintenance

- PSA Unit Periodic Maintenance & Inspection
- Adsorber Vessel Maintenance

- PSA Control Valve Preventive Maintenance

- PSA Control Valve Service Centers &
Potential Upgrades
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PSA OPERATIONS: TOPICS

Normal Operation & Optimization
- Controlling product purity & optimization




PSA OPERATIONS: PRODUCT PURITY

» PSA adsorber bed has a fixed capacity to remove impurities

— e.g. Canload X Ibs. of impurities on the adsorbent bed each time the Adsorber is on the
Adsorption step

 Impurity loading is a strong function of:
- Feed Composition — concentration of impurities

- Feed Flow Rate — rate impurities load on adsorbent
— Adsorption time — How long the Adsorption step lasts

» Over-loading the adsorbent will result in low product purity
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PRODUCT RECOVERY OPTIMIZATION

e Local

— Operator sets adsorption time. Use during startup, during upsets or when feed flow
meter is out of service.

« Capacity
— Adsorption time calculated from feed rate. Use during normal operation.
— Capacity control factor is used to optimize operation




PRODUCT RECOVERY OPTIMIZATION

To maximize Recovery at low feed rates, adsorption time
should be increased

Use Capacity Control mode and adjustable Capacity Control Factor

Capacity Control Factor changes can take up to 1 day for the full effect to be seen
on the operation of the unit; however, typically, most of the changes occur within
the first 4 — 6 hours

General Guideline:

— If product purity is above specification, CCF may be increased
— If product purity is at / near specification, CCF requires no change
— If product purity is below specification, CCF should be decreased

NOTE: If a “spike” [via analyzer] in product impurities is noticed during stable operation, reduce subcycle time immediately!
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OPERATING MODES - TIME CONTROL

Design Adsorption Time X Design Feed Flow

— X CCF
Current Feed Flow
Capacity Factor
Capacity/Auto
i Auto Mode
Design Feed
Flow Running
Adsorption Time

Adso[r)et?ci)gnnTime LocalManual Manual Mode

P Adsorption Time




PRODUCT RECOVERY OPTIMIZATION

Adjusting Capacity Control Factor

» CCF — Capacity Control Factor
- 1 CCF, 1 Adsorption time , 1 impurity loading
- | CCF, | Adsorption time , | impurity loading

» Hydrogen Recovery [The Main PSA performance metric]
- 1 Adsorption time , 1 H2 in Product , | H2 in Off Gas

* Constant Balance:

Operating at low Adsorption
Time is alossin H,

w H, Recovery

Product Purity
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PRODUCT RECOVERY OPTIMIZATION

« Keep a record of the Capacity Control Factor
or
« Of the PSALoading (Flowrate * Tads)




PSA OPERATIONS: TOPICS

Normal Operation & Optimization

Operating checkpoints
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PSA OPERATIONS: CHECKPOINTS

» Check feed, product and tail gas flows and pressure trends for
unusual swings

« Compare ending equalization pressures of each bed
« Compare actual adsorption times to the Set adsorption time
« Monitor Control Loop trends
 Monitor Tail Gas Pressure

« Monitor Product Purity




e

DON’T WORRY IT’S - EASY



PSA OPERATIONS: OVERVIEW DISPLAY

ALARM

SUMMARY

| RUNNING vi:'::gs AU:ECI S AuTe ADSORPTION TIME -
E g USER Engineer

10 BED NORM Sw'Ov| MANUAL U S 85 CAPACITY TIME - 106
HTG SW'OV | MANUAL STEPTIME- 10 ssc CAPACITY FACTOR -
COMTROL | HMI ELAPSED TIME - 2
FEED 022¥ES-36851 022VES-36852 022¥ES-36853 022VES-36854 022VES-36855 022¥VES-36856 022%ES-36857 022%ES-36858 022%ES-36859 022%ES-36850
OFI-E463 - 4400 MMSCFD
STTEEETA = @8 oF e Y e e N e N N SN Pt
oTT-E387B - 100 °F

9TT-B367C - 101 2F

PRODUCT

SGFT-5390A - B91.0  PSIG
9PT-B390B - 65920 PSIG
9PT-B390C - B93.0 P3G

INSTRUMENT AIR
-_— 7 -

QPT-B386A - B9.0 PSIG
9PT-5386EB- 600 PSIG
9PT-B386C- 61.0 PSIG

ADSORBER STATUS
R/ECQ4 R/PRG R/PRG ELD P/EQ4 P/EQZ2 A0S A0S REP R/EQZ

YESSEL PRESSURE - PSIG

SURGE TANK 9FT-E311  9OPT-E312 OFT-5313 OFT-6314 OFT-E316 IFT-E316 OFT-E317 OFT-6318 OFT-5319 OFT-5310
oPI-B414 - B0 PSIG 66 8 71 71 60.0 1607 4177 EQ7 .7 E97. 7 5728 21456

ADSORPTION TIME (SEC)

CALIBRATION MODE 106 106 106 1086 105 106 98 45 104 108

ALARMS || OVERVIEW ‘ | VALVES | | TRENDS | | HARDWARE | | SUMMARY | | CYCLE | | SETPOINT DATA | | TG COMPRESS0OR
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PSA OPERATIONS: VALVE DISPLAY

ALARM

SUMMARY

RUNNING v::.::s Z:::cﬁv e AUTE ADSORPTION TIME -
USER Engineer

10 BED NORM SW'OV| MANUAL R e 1.2 CAPACITY TIME- 106
HTG SW'OY | MANUAL STEPTIME- 16 soc CAPACIT FACTOR -
CONTROL | HMI ELAPSED TIME- 12
FEED PRODUCT PRESSURE 5910 PSIG
I I I -
GPV-5321 9PY-5326 9PY-5322 9PVY-5327 9PVY-5323 9PV-5328 9PY-5324 9PY-5329 9PVY-5325 9PVY-5320
1002, Y o= Y o Y o= ‘{ 0% Y oo \ & b &2 Y o= 1002
1002 & & & o & o & o & o A & o 1005
— R | R E— R D R p—
DRUM 9PV-5361 9PV -! 9PY-5362 [9PY-5367 ‘ 9PV-5363 [PY-5368 9PV-536. [9PY-5369 " [9PY-5365 9IPY-5360 ‘
0% 0% ne% { 7 %% 5 % 0% 0% 0% 0% {
0% 0% ne & 77 % 7% 0% 0w M 0% ne &
—_— | pr— — f— T —— | — pr— — — pr— R
9PV-53561 9PV-5356 9PVY-5352 9IPY-5357 9PY-5353 r 9PY-5358 9PVY-5354 9PVY-5359 9PV-5355 9PVY-5350
0% 0% k3 02 e } 0% 0% 0% 0%, 0%
PR 0% 0% 0% 0% 0% b 0% 0% 0% 0% 0%
o = ——— =
9PVY-5331 [9PY-5336 ‘r 9PY-5332 9IPY-5333 9PV-5338 ‘ [9PV-5334 [9PY-5339 ‘r [9PY-5335 9IPY-5330 ‘
0% 0% 0% 0% 0% { 100 % i3 100°% ne {
0 ne M 0% nes 0% 1002 0w M 100% ne &
ADS BLD R/EQ1 P/PRG R/EQ3 P/EQ3 R/PRG P/EQT R/PRG ADS
opv-53mse| 597.7 26.6 506.3 102.8 20a.0 2592 7.5 5021 7.5 5977
022VES-36851 022VES-36856 022VES-36852 022VES-36857 022VES-36853 022VES-36858 022VES-36854 022VES-36859 022VES-36855 022VES-36850
9PV-5541 9PV-55h42 9PY-55H47 9PV-5543 9PV-5548 9PVv-b544 9PV-b549 9PV-5545
0% ‘ 0% " 0% ‘r 0% " 0% ‘r 100 % X % " 100 %% '
0% ‘ 0% ‘k 0% ‘k 0% -‘k 0% -‘k 100 % 0% ‘k 100 %%
9PV-5511 " 9PY-55123 9PV-5517| L 9PV-5513 9PV-5518 " 9PV-5514] 9Pv-5519 ‘r 9PV-551
X 100 % L U 0% {u% 0% L 0% 0% L 0%
100% & g 0% [ A 0% A o 0% & o
[9PV-5581 9PY-5582 9PV -5587 8PY-65583 9PV-5688 IPV-5584 JPV-5589 [9PV-5585
% 20% 0% 0% 0% 0% 0% 0%
e 20% 0% 0% 0% ig 0% 0%
— — —T — —
4400 MMSCFD T T T
s -
KEIHE TAILGAZ TO SURGE TAMK-  9PHEA14 50 PSIG
ALARMS | | OVERVIEW ‘ ‘ VALVES | ‘ TRENDS | ‘ HARDWARE | ‘ SUMMARY | ‘ CYCLE | ‘ SETPOINT DATA ‘ ‘ TG COMPRESSOR ‘
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PSA OPERATIONS: DATA TIMES DISPLAY

ALARM

SUMMARY

‘ T VALVES AUTO STEP AUTO
TIME CAPACITY USER Emzimezn
10 BED NORM SW'OV]| MANUAL cURRENTSTER- 2.3
HTG SW'OV | MANUAL STEP TIME - 15 sec
CONTROL HMI ELAPSED TIME - 2

TIME AND PRESSURE DATA

ADSORPTION TIME -

CARPACITY TIME - 106

CAPACITY FACTOR - -

1 2 3 4 5 6 7 8 9 10
ADSORPTION PRESSL nc o o — — — — — o o o e
ADSORPTION TIME 74 20 105 105 1065 106 106 107 107 106 SEC
REPRESSURIZATION TIME 53 55 20 48 47 47 47 49 49 54 SEC
PURGE PRESSURE 7.7 776 77.8 78.2 775 777 78.9 50.0 76.1 772 PSIG
PURGE TIME 53 53 53 53 53 54 53 41 53 53 SEC
BLOWDOWN PRESSURE 78 79 8.0 80 78 66 216 78 78 79 PSIG
BLOWDOWN TIME 53 53 53 53 54 53 41 53 53 53 SEC
FEED FLOW- 4400 MMSCFD
FEED TEMPERATURE - 99 =F
PRODUCT PRESSURE- 5910 PSIG
SURGE TANK PRESSURE - 50 PSIG
H| DATA TIME ||| ‘ EQ DATA ‘ ‘ SETPOINTS ‘ ‘ SWITCHBACK | ‘ SWITCHOVER | | CYCLE | | TUNING | | EXIT
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PSA OPERATIONS: EQ DATA DISPLAY

037811

09:45.56

ACK

COMPRESSOR COMMON ALARM

GSAEAT

054536

BECH

Lo BATTERY ALARM CPU &

OIAEAT 0595 36 ECK T WALID STANDEY CPU =] ALARM
TSAEAT 102015 AR AN SL AR FAS OCCURRED N STEF D~ 7
TEASAT To2H 25 e PROLIN REDUNDART COMM. LINK FALURE = EUE LIRS

TIAEAT

TO24.25

ECK

PROLINE PRIMARY COMM. LIMHF FASIL0RE

O3AEAT

A0:24:95

ECH

59 DC POWER SUPPLY #1 FAILURE

RUNNING VALVES AUTO STEP AUTO
TIME CAPACITY Engineer
10 BED NORM SWw'0v] MANUAL cuRRENTSTER- 3 2
HTG SW'OV | MANUAL STEPTME- 16 sec
CONTROL HMI ELAPSED TIME - 12
EQUALIZATION 1
SETTIME= 12 SEC
SET PRESSURE = 4920 PSIG PROVIDE
PROWVIDE
1 2 3 4 5 6 7 a8 9 10 NO. 1
11 11 11 11 11 11 11 11 11 11 SEC 20
IEOZ] BOOG  BO1.1 BO19 BO20 6BO16& 6BO1.7 5043 BO2E BO24 Psu:l 3662
RECEIVE
4 5 5] 7 8 9 10 1 2 3 NO. 5

ISOO & 4991 4998 4994 5005 5000 5000 5029 65014 BOTO

EQUALIZATION 3

ADSORPTION TIME -

CAPACITY TIME - 106

CARPACITY FACTOR -

EQUALIZATION 2

SET TIME= 20 SEC
SET PRESSURE = 35850 PSIG PROVIDE
PROVIDE
2 3 4 5 53 7 8 9
20 20 20 20 20 20 20 20
366.9 3674 3677 3673 3679 3670 3606 3636
RECEIVE

& 7 8 9 10 1 2 3

EQUALIZATION 4

ACK

10
20

3686

1

PSICI 3619 3626 3636 3647 3641 3643 3640 3657 3648 3647

SETTIME= 13 SEC SETTIME= 20 SEGC
SET PRESSURE = 2240 PSIG PROVIDE SETPRESSURE = 93.0 PSIG RECEIVE
PROVIDE PROVIDE
1 2 3 4 5 53 7 8 9 10 NO. 1 2 3 4 5 53 7 8 9 10
18 18 18 18 18 18 18 18 18 14 SEC 19 19 19 19 19 19 19 19 19 19
2346 2346 2347 2366 2360 2859 2340 2366 2364 2688  psiG 1218 1218 1220 1228 1217 1231 1234 1249 1231 1194
RECEIVE RECEIVE
53 7 8 9 10 1 2 3 4 5 NO. 7 8 9 10 1 2 3 4 5 53
2zg7 2298 2306 2298 2304 2301 2306 23507 2307 2075  PsIG | 974 977 975 974 979 974 975 973 974 979
DATA TIME | H‘ EQ DATA ”| | SETPOINTS | | SWITCHBACK | ‘ SWITCHOVER | | CYCLE ‘ | TUNING | ‘ EXIT
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PSA OPERATIONS: REPRESSURIZATION

03A G111 084538

ACH

COMPRESSOR COMMON ALARM

OGAEAT 0545 36

ECH

LOVY BT TERY ALARM CPU &

TEAEAT 034536

ECH

TIC wELD STERNDEY CP0

ALARM

TEAEAT [EEE]

ECH

AR ALARM HAS OCCURRED IN STEP NG, -

TEAEAT o825

ECH

PROLINA REDURDENT COMIM. LI F2ILURE

SUMMARY

TEAGAT 02425

K

FROLINK PRIVAR 7 GO, LMK, FAILURE

O EAT 02825

ECH

24 VDG POVWER SUPPLY #1 FAILURE

VALVES AUTO

RUNNING

10 BED

STEP AUTO

TIME

CAPACITY

USER Engineer

NORM SW'OV

MANUAL

HTG SW'OV

currenNT STER- A4
MANUAL

ADSORPTION TIME -

CARPACITY TIME - 108

STEFTIME - 10 sec CAPACITY FACTOR -
CONTROL | HMI ELAPSED TIME - 2
OUTPUT 23 %
REPRESSURIZATION
—_— PROCESS VARIABLE 5452  PSIG
TIME (MIN) : —_— SETPOINT 5518  PSIG YESSEL 5 RSP
— FEED FLOW 4400  MMSCFD
8000
650.0 100%
e X //s/‘ /////‘ / .
3250 50
Setpo W
1626 25
Valve
o] N " 3 0
10:40: 00 10:41:15 10:42:30 UUIpUI&:43:45
REPRESS | PURGE | ‘ BLOWDOWN ‘ ‘ SWOoV PID ‘ | VALVE FDBK ‘ | TRENDS | | HISTORY | ‘ EXIT

Honeywell Confidential -
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PSA OPERATIONS: PURGE

03511 094536 Ak COMPRESSOR COMMON ALARM =i
03M8M1 09:45:36 ACK LOW BATTERY ALARM CPL & =10} ACK
TEAEAT R FR FIC WAL STANDEY GO =) ALARM
03M8M1 102018 ACK AN ALARMHAS OCCURRED [N STEP MO - T4
EELELE 102425 ACK FPROLIN REDUMDANT CORM. LIMK FAILURE OR SUMMARY
03M8M1 102425 ACK PROLINK PRIMARY COMM . LINK FAILURE =10}
03ASH 02425 ATk 24 wDC FOWER SUFFLY #1 FAILURE R
VALVES | AUTO STEP AUTO
RUNNING
ADSORPTION TIME -
TIME CAPACITY Engineer
10 BED NORM SW'0v| MANUAL SRR SrDe 6.5 CAPACITY TIME- 108
HTG SW'OY | MANUAL STEPTIME- 10 sec CAPACITY FACTOR -
CONTROL | HMI ELAPSED TIME- B
QUTPUT 25 VA
PUREE — PROCESS VARIABLE 1423 PSIG
TR E - SETPOINT 1395  PSIG VESSEL 3 INPFRG
— SURGE TANK PRESSURE 5.0 PSIG

100.0

300.0 PV & 100%

2250 5 75

160.0 50

75.0 R // 25

0 O
10:42:30 10:43:45 10:45:00 10:46:15
REPRESS | ‘ PURGE ‘ | BLOWDOWN | | SWOV PID | ‘ VALVE FDBK | ‘ TRENDS | HISTORY | | EXIT

Honeywell Confidential - ©2024 by Honeywell Intemational Inc. All rights reserved
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PSA OPERATIONS: BLOWDOWN

03 &A1

094536

=3

COMPRESSOR COMMON ALARM

on

OEAEAT

059536

ECH

LoV BATTERY ALARM CPL A

Of

OSAEAT

054595

ECH

O VALID STANDEY CPL

R

ALARM

OEAEAT

o208

ECH

AN ALARN N85 OLCURRED M STEP NO .-

74

TEAEAT

o425

ECH

FROLINE REDUNDART COMM. LTRF FAILURE

R

SUMMARY

OEAEAT

02425

ECH

FROLIN PRIMARY GO LINF FAILORE

OR

OEAEAT

o425

ECH

53 VDT POVVER SUPPLY 1 FAILURE

R

VALVES AUTO STEP AUTO
RUNNING
ADSORPTION TIME -
TIME CAPACITY Engineer
10 sED NORM SW'0V| MANUAL correnTsTER- 4.5 CAPACITY TIME -
HTG SW'OV | MANUAL STEFTIME- 10 CAPACITY FACTOR -
CONTROL || HMI ELAPSED TIME - ]
QUTPUT 25 %,
BLOWDOWN —_— PROCESS VARIABLE 493 PSIG T TP ——
VESSEL
TRE G El —_— SETPOINT 48 6 PSIG
. — SURGE TANK PRESSURE 5.0 PSIG
PV &
760 p -5
500 50
250 L. 1 25
4] R \\\ 0
10:58:45 11:00:00 11:01:15 1ilz02Zz: 30
REPRESS | PURGE | |“ BLOWDOWN |H | SWOV PID ‘ ‘ VALVE FDBK | | TRENDS | HISTORY ‘ | EXIT

Honeywell Confidential -
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PSA OPERATIONS: TYPICAL VESSEL
PRESSURE TRENDS

ALARM

SUMMARY

ADSORPTION TIME -

CAPACITY TIME - 106

CARACITY FACTOR -

Wiar 15 har 18 Mar 15
1004052 104532 10:46: 32

VALVES AUTO
| LTS STEP AUTO
TSI ERARRETTY USER Engineer
10 BED NORM SW'OV]| MANUAL CLURBENT STEP - 1.4
HTG SW'OV | MANUAL STERTIME- 10 sec
CONTROL | HMI ELAPSED TIME - 2
Mar 15 Mar 18
HISTORY TREND 1 STATUS 103432 A0E7E2
B31.8 —
ua_wESSEL_1_PRESS A DS
495 .81 7.04 529 7
ua_WESSEL_2 _PRESS
4738
59772 53.74
uAsA_WESSEL_3_PRESS 3949
597 .71 139.28
3159 —
uaA_WESSEL_4_PRESS
531.258 9192
2369 —
uAs_WESSEL_S_PRESS
228.30 597 .72 1580 o
us_WESSEL_6_FPRESS
a0 -
683 537 .72
Ue_WESSEL _7_PRESS oo —
693 58117 -« 10:34:32
Us_WESSEL_&_PRESS -
1581 34126 -« 10:34:32 » Zoom In
4 hours 1 hour ‘ ‘ 4 heinutes
HISTORY 1 ‘ ‘ HISTORY 2 | | HISTORY 3 ‘ HISTORY 4 |

104632 »
12m Zoom Out - 1046 52 >
> > 0 minutes 10 minutes | ’I

EXIT
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PSA OPERATIONS: TOPICS

Normal Operation & Optimization

- Performance measurement
- Recovery

Honeywell Confidential - ©2024 by Honeywell Intemational Inc. All rights reserved. 21



PSA OPERATIONS: PERFORMANCE
MEASUREMENT

 Material balance around the PSA unit

 Feed, Product, and Tailgas flows with corresponding
— Pressure and Temperature

» Analyze Feed, Product, and Tailgas
« Hydrogen and Methane Concentration in various streams

« Record Capacity Factor and actual Adsorption Time

2




PSA OPERATIONS: HYDROGEN RECOVERY

Based on flow balance

* Must have Independent Flow Measurements
 Correction for pressure, temperature, MW
 High probability of error

Q X Y yp =H;fraction in product
P P — W, fraction in feed
Recovery = x 100 % » fraction in fee

QF X YVE Qp = Product Flowrate
QF = Feed Flowrate

23



PSA OPERATIONS: HYDROGEN RECOVERY

Based on Composition

(Yig=Yio)™ Yh2p
(Yi,p - Yi,o) * Yot X 100

H, Recovery =

Where:

* Yi;= mole fraction of component i in feed

* Yip, = mole fraction of component i in product

* Yio = mole fraction of component i in off-gas

* Yu2,p = mMole fraction of component H, in product
* Y21 = mole fraction of component H, in feed

24



POOR RECOVERY OR PRODUCT PURITY

Possible Causes

 Too long adsorption time
« Extended cycle steps

* Instrument problem
 High tail gas pressure

» Excessive feed flow

» Off-spec feed gas

* |naccurate lab results




PSA OPERATIONS: TOPICS

Normal Operation & Optimization

@)

Safeguarding the adsorbent
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SAFEGUARDING THE ADSORBENT

Avoid rapid repressurization / depressurization
» Proper use of Manual Valve Operation
- Do not exceed maximum depressurization/repressurization

Eliminate entrained liquids from feed gas
» Check the feed header for liquids prior to each Restart

Keep impurities in their proper adsorbent layer in the bed

« Keep PSA Product at design Specification

« Don't operate with excessive impurity breakthrough in Product

« Don't operate PSA with non-design components in feed without first checking with UOP

Honeywell Confidential - ©2024 by Honeywell Intemational Inc. All rights reserved. 27



SAFEGUARDING THE ADSORBENT

 Always depressurize and purge from top to bottom

T
I::wa B 5
2 D (B0 vy (o
2oy e
5 £y

 Avoid water in or near product piping

* N, for purge shall be dry and CO, free

28




PSA OPERATIONS: TOPICS

Normal Operation & Optimization

Alarms and Shutdowns

Honeywell Confidential - ©2024 by Honeywell Intemational Inc. All rights reserved. 29



PRESENTATION OVERVIEW - ALARMS AND
SHUTDOWNS

Operating Conditions
* Feed Temperature
* Product Pressure
* Instrument Air Pressure
* Feed Flow Rate

Eqmpment Failures
* Valve Calibration Error
» Valve Feedback Mismatch
* Valve Failure
* Transmitter Failure

Process Upsets
* Pressure Deviation
* Extended Loop
* Long Adsorption Time




ALARMS AND SHUTDOWNS: FEED
TEMPERATURE

» There is a range of acceptable operating temperatures

« Operating inside of this range, it is possible to change the
adsorption time to maintain product purity

« Operating outside of this range, adsorption (high temp) or
desorption (low temp) is very different from the design and could
damage the adsorbent

* Depending on PSA feed design
- There is a high-temperature alarm and shutdown
- There is a low-temperature alarm and shutdown




ALARMS AND SHUTDOWNS: PRODUCT
PRESSURE

« If the PSA unit is operated at a pressure less than design, the
amount of purge gas is less than design

« When the amount of purge gas is below a certain level, the

Impurities are not removed from the adsorbent, and damage could
result

» There is an alarm and a shutdown for low product pressure
« There is only an alarm for high product pressure




ALARMS AND SHUTDOWNS: INSTRUMENT
AIR PRESSURE

« If the Instrument air pressure is too low, it is possible the valves will
not close, or remain closed

 This could produce an undesired flow path between vessels which
could result in physical damage to the adsorbent

» There is an alarm and a shutdown for low instrument air pressure
« There is only an alarm for high instrument air pressure




CHECK EXTERNAL PSA CONTROLS
e e

——e



ACTIONS: CHECK EXTERNAL PSA
CONTROLS

Feed
 Is temperature stable?

» Does the pressure control valve to flare remain closed during stable operation?
« If applicable, is the Knockout Drum level control operating properly?

Product

» Check the operation of the Product pressure control valve
- Is the Output stable for stable Feed Flow?

- What is the typical fluctuation in Pressure? [Typical: < 10 PSIG]
* Temperature

- Slowly increasing or Sharp increase in temperature means an impurity is in the
incorrect adsorbent layer [Decrease Adsorption Time immediately]

Off Gas
» Pressure fluctuations [Typical: < 3 PSIG]

Tl

t[ilyl[]
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ALARMS AND SHUTDOWNS: EQUIPMENT
FAILURES

Equipment Failure
- Valve Calibration Error

. Valve Feedback Mismatch
- Valve Failure

- Transmitter Failure

A Valve and Transmitter Failure will cause a switchover
but a Valve Feedback Mismatch or Calibration Error
trigger an alarm and do not cause a switchover.




ALARMS AND SHUTDOWNS: VALVE
CALIBRATION ERROR ALARM

- The initial valve output (IVO) for each valve for the purge, repressurization, and
blowdown control loops

- IS continuously adjusted to compensate for differences in calibration and process
changes

- The valves in each series are compared with each other. When one of them
differs from the average by more than a set value, a valve calibration error is

generated

- There is no switchover action taken for a valve calibration alarm




VALVE CALIBRATION ERROR ALARM EXAMPLE

There are no items to show in this view ACK

ALARM

| ‘ RUNNING | VALVES | AUTO STEP AUTO ADSORPTION TIME -
CAPACITY TIME - _ 95
12 BED CAPACITY CURRENTSTERP- 9 4
e e 0 CAPACITY FACTOR- [ 95|
ELAPSED TIME- O CCF Contiol | pes
S BT PROCESS VARIABLE %3  PSIG
SE RO g rale VESSEL 4  INBLOWDOWN
S T  :
— SURGE TANK 32 PsiG

100 %

80

IVO is higher than the rest of the valves

60 75

S0

25

20

14:15:00 14:17:30 14:20:00 14:22:30

REPRESS | [ Purce | [BLowpown]| [ swovepip | [vawverpBKk | [ TRENDS | [ HiIsTORY | [ ExiT |

Honeywell Confidential - ©2024 by Honeywell Intemational Inc. All rights reserved
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ALARMS AND SHUTDOWNS:
VALVE FEEDBACK MISMATCH ALARM

- All positioned valves have feedback sensor which monitor the position of the
valve.

- If the feedback status does not agree with the commanded position of the valve a
feedback alarm is generated.

- No switchover action is taken based on a feedback mismatch alarm, when a valve
Is being commanded to Open




VALVE FEEDBACK MISMATCH ALARM

ALARM ACK

SUMMARY

‘ VALVES MANUAL
TIME LOCAL
SWOV MANUAL

STEP AUTOD

ADSORPTIONTIME - [ 0|

CAPACITY TIME - o

CURRENT STEP - 0.0
controL (RS STEP TIME - 0 sec CAEALINMEAETORE
ELAPSED TIME - 0
nov o5 nov os nov as rovas rovas
HISTORY TREHND 1 STATUS o308 ozisas o33z o3i7as oatses
woo |
UA_VALVE FEEDBACK_ 404
0.49 0.50 FE T
UA_VALVE_OUT_404
71
0.00 0.00
UA_VESSEL_1_PRESS sz7 —
20450 20454
saz
UA_VESSEL_6_PRESS
204.12 204.10 1
-
UA_VALVE_FEEDBACK_405
0.08 0.08 ==+
¥
UA_VALVE_OUT_405
125
0.00 0.00
as A
| « [ : ~— » |
| ‘ 03:18:55 ’
- ‘ 03:14:05 > Zoom In | 4m Sds | Zoom Out ‘ - | 03:16:59
4 hours ‘ 1 hour R | | - ‘ Minutes ‘ » ‘ > | 30 minutes ‘ 10 minutes »
wstorv1 | | wstomvz | | wstonva | HisToRY 4 | EXIT

Honeywell Confidential -
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VALVE FEEDBACK MISMATCH CAUSES

Overshoot N Ramping or ._
* Valve Booster ‘ Positioner |
- Recalibration Gain

[
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ALARMS AND SHUTDOWNS: VALVE
FAILURE ALARM

- There is a routine in the PLC which monitors each control loop for deviations

- If the control loop monitoring shows the vessel pressure to be following its
setpoint, the valve is assumed to be functioning properly

- If there is a feedback mismatch alarm for a valve, and a pressure monitoring error
for that vessel, a valve failure alarm is generated

- An automatic switchover request is generated for a valve failure alarm
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ALARMS AND SHUTDOWNS: TRANSMITTER
FAILURE ALARM

- If the raw input from a pressure or temperature transmitter is 0, a transmitter
failure alarm is generated

. If the failed transmitter is one of the adsorber vessel transmitters, an automatic
switchover request is generated
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ALARMS AND SHUTDOWNS: PROCESS
UPSETS

Process Upsets
- Pressure Deviation Repressurization

- Pressure Deviation Purge

- Pressure Deviation Blowdown
- Extended Repressurization

- Extended Purge

- Extended Blowdown

- Long Adsorption Time




ALARMS AND SHUTDOWNS: PRESSURE
DEVIATION ALARMS

- Used for provide purge, repressurization and blowdown

- When the vessel pressure deviates from the setpoint by more than 15 PSIG
(Provide purge, Repressurization) or 5 PSIG (Blowdown)

— Typical values

- This alarm is common during startup, after a switchover, or when rapidly changing
the adsorption time

- A switchover is not caused by a Pressure Deviation Step Alarm




REPRESSURIZATION SURE DEVIATION
ALARM
‘ Cut-off Pressure
Vessel = Process Variable
Pressure — — Setpoint

Step
Time (sec)

—l
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ALARMS AND SHUTDOWNS: EXTENDED STEP

Repressurization

» When the pressure of the vessel on repressurization is within 5 PSIG
the product pressure, the step advances

Provide Purge

» When the pressure of the vessel providing purge is within 10 PSIG of
the cutoff, the step advances

Blowdown

* When the pressure of the vessel blowing down is within 10 PSIG of
the surge tank pressure, the step advances
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ALARMS AND SHUTDOWNS: EXTENDED STEP

- The step will extend to meet these criteria, and the cycle will remain in that step
until the condition is satisfied

- If the step doesn’t advance, an extended step alarm will be generated after
15 seconds

- If in Automatic Switchover — PSA will automatically switchover to alternate
cycle at first switchable step

- If in Manual Switchover — the operator must manually switchover affected
vessels, otherwise PSA will shutdown on Long Adsorption (Cycle) time

Honeywell Confidential - ©2024 by Honeywell Intemational Inc. All rights reserved 49



ALARMS AND SHUTDOWNS:
EXTENDED REPRESSURIZATION ALARM
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ALARMS AND SHUTDOWNS: EXTENDED
PURGE EXAMPLE
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ALARMS AND SHUTDOWNS:
LONG ADSORPTION (CYCLE) TIME

- When a vessel remains in the adsorption step longer than the set time, it is
possible to permanently damage the adsorbent

- A Long Adsorption Time alarm is generated when a vessel has been on the
adsorption step for 120% of the set adsorption time

- A Long Adsorption Time shutdown is generated when the vessel has been on the
adsorption step for 150% to 200% of the set adsorption time

- Itis important to note that the cause of the Long Adsorption Time alarm is not the
vessel on adsorption
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RELIABILITY AND MAINTENANCE: TOPICS

Reliability and Maintenance

- PSA Unit Periodic Maintenance & Inspection
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RELIABILITY AND MAINTENANCE: TOPICS

Why preventive maintenance is
important:

- Helps avoid unscheduled shutdowns
between turnarounds

- Improves performance and reliability

- Keep operators focused on what’s critical for
good unit performance




PSA PERIODIC INSPECTION
Check every shift:

» Physical damage of Unit
 Signs of H20 in instruments and/or lines
» Feed and Vessel drains for liquids

Check every week:
» Valves for packing leaks (Do Not Overtighten!)

Check every month:
 Signs of corrosion
Flange leaks

Air filters

Consistent readings between control system transmitter
and local gauges
Consistent readings between valve position and signal
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PSA PERIODIC INSPECTION

Maintenance required every 2 to 3 years:

» Replace control valve soft goods, shaft bearings,
packing and actuator spring

 Calibrate positioners, transmitters and switches
» Bench test all safety valves

» Check downstream piping, process tubing, Tail Gas Drum
& Product Filter for signs of adsorbent carryover

» Check instrument air and process tubing for leaks;
blow out any debris in these lines

» Touch-up skid structural base to limit corrosion
» Replace worn and exposed insulation
» Check electrical cables for wear and/or damage
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RELIABILITY AND MAINTENANCE: TOPICS

Reliability and Maintenance

- Adsorber Vessel Maintenance
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PSA ADSORBER VESSEL MAINTENANCE

Why Maintenance of PSA Adsorbers is necessary:

 PSA Adsorbers are in cyclic service
o Typical pressure swing:
- 375 psig — 5 psig— 375 psig... every couple of minutes

 Effects of fatigue can cause crack initiation
and growth
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PSA ADSORBER VESSEL MAINTENANCE

What can cause crack initiation and growth?
 High localized stresses

« Material hardness exceeding 200 Brinell

« Weld or parent plate imperfections —
 Vessel out-of-roundness ;
« Damage caused by misuse

RS f.fi,;"-} i
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PSA ADSORBER VESSEL MAINTENANCE

Primary Goals of an Inspection Program

« To assure that vessels are acceptable
for continued operation

» To find cracks while they are small enough _ _\\ //_
to easily repair, and to avoid unscheduled ‘ |
shutdowns
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PSA ADSORBER VESSEL MAINTENANCE

What to Inspect
* Shells and heads for corrosion

» Weld surfaces and the weld heat affected zone (HAZ)
are the most critical areas

 Longitudinal seams are most susceptible to cracks
» Cracks are more likely to initiate on the internal surfaces

» Peaking, or out-of-roundness of shell courses can significantly increase crack
growth rates

While issues are more likely to be seen in older vessels,
all vessels can develop these issues, so itis important to
have an inspection plan in place from the start of operation.
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PSA ADSORBER VESSEL MAINTENANCE

Establish an Inspection Interval

» Every two to three years is the
recommended inspection period

Establish Inspection Methods £

» Use external ultrasonic testing
on randomly chosen vessels as
a screening mechanism

« During reloads, enter the vessel 1’
and perform magnetic particle  TE&%
testing »
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RELIABILITY AND MAINTENANCE: TOPICS

Reliability and Maintenance

- PSA Control Valve Preventive Maintenance ‘
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PSA CONTROL VALVE PREVENTIVE
MAINTENANCE

Why preventive maintenance is important:

« PSA Control Valves experience severe service conditions:
— High-pressure cyclic service
— High reliability required:
o Fast stroke speeds
o Tight shutoff requirements

@




PSA CONTROL VALVE MAINTENANCE

Examples of typical PSA Control Valve issues:

» Seat or stem leaks

Proximity switch out of adjustment

Positioner issues:
~ “Sticking” block and spool

— Diagnostic error messages

Actuator spring failures

Limit stops out of adjustment

* Valve shaft failures

SYMPTOMS: Varying stroke speeds and Unit inefficiencies
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PSA CONTROL VALVE MAINTENANCE

Good Plant Maintenance Practices

» Training maintenance personnel on adjustments of positioners,
proximity switches, and limit stops is the key to best PSA service

Use proper “original equipment” parts

Ensure integrity of air and other supplies; maintain upstream air filters

Record control valve issues to detect trends in the data

Utilize support services available from UOP or directly from the control
valve manufacturers

N
..@

o
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PSA CONTROL VALVE MAINTENANCE

Control Valve Rebuilds

» Every 2 to 3 years, as a part of a regularly scheduled turnaround, it is
recommended that a Qualified Service Center rebuild each control valve:

Replace soft goods (seats, packing, gaskets)

Replace shaft bearings

Adjust proximity switches

— Adjust limit stops

— Calibrate positioners

— Perform valve seat leak test

— Ensure all replacement parts are the latest technology

« Make sure to inform Service Center that they’ll be working on a PSA valve
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PSA CONTROL VALVE MAINTENANCE

Recommended
maintenance
6 years /1,500,000 cycles
Valve Dilsc Chack * Check *
shaft Check = Check *
High cycle spa srluetfl.n.dmiu Replace Replace
bearings, seat a.u.g
Torskon spring Replace Replace
Mo play coupling bolts and mits Replace Replace
ACTHatoT Leverarm Check Replace
High cycle spare parts set Replace Replace
Spring assembly Check* Raplace after 4,500 koyces
Cylinder Check* Check *
Wabve controller, Feles™ ND&000™ | Complete device Download and analyse diagnostics | Download and analyse diagnostics
and reset countefrs Calibration and reset counters
Raplace after 4,500 kcycles
spaol valve Replace Replace
Prestage 0 actlon Chedk
gﬁl\:ﬂn eedbacksystern (lnear Replace Replace
Valve controller, NDXC™ Complete device Download and analyse diagnostics | Download and analys: disgnostics
‘Calibration and reset counters «Calibration and reset coumbers
Prestage bottom filter Replace Raplace
Sllencers Replace Replace
Pneumatic sst Mo actlons Replace
Limit switch Complete device Check* Check *
solenotd vabve Camplete device Check* Replace
Boceter § quick exhaust vabre camplete device Check* Replace
Alr filter Complete device Replace Replace

During maintenance Valmet tachnlclans chack parts that are nat mentioned here and replace damagsd parts of passible. Valmet tachmicians also make
recommendations for future inspectlon and maintenance. Device conditlon monttoring helps determine whethera particular vabee needs attentlon.

= Replace if needed

Wearing out of
devices:

Le\'er arm, Valve Instrumentation
controller components
sealmg elemems components

g)per%t'lo_nal Improved Optimized Ensured Improved
enefits: plant performance quality safety
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PSA CONTROL VALVE MAINTENANCE

Results of Valve Servicing

» Reset valves to “as-new” condition

« Significantly improves overall PSA Unit performance

« Valve warranty extension of 2 years after the initial 3 year period
» UOP can package valve servicing with a PSA “tune-up”




RELIABILITY AND MAINTENANCE: TOPICS

Reliability and Maintenance

- PSA Control Valve Service Centers &
Potential Upgrades
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POTENTIAL PSA CONTROL VALVE UPGRADES

Control Valve Packing Replacement
* Flowserve Globe Valves
» Valmet or Flowserve Butterfly Valves

General valve component upgrades

* Implementation of new technologies

FLOWSERVE \
Valmet




MARK ONE GLOBE VALVES

Packing Options:

» Twin Safeguard Fugitive Emissions Packing (UOP Std.)
- Retrofit kit available

- Live-loaded design

vV
A
L
T
E

Twin Sureguard Packing
 Retrofit kit available

 Live-loaded combination of
carbon-filled and virgin Teflon V-rings

* Minimizes packing wear, reducing scheduled maintenance

Twin PTFE Packing (V-rings)
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VALDISK HIGH-PERFORMANCE BUTTERFLY
VALVE

Packing Options:
« TFM V-Rings (UOP Std.)

 Live-Loaded Packing
(UOP Std.)

» Double Packed Live-Loaded Packing (Optional)

* Monitoring port (Optional)




VALDISK HIGH-PERFORMANCE BUTTERFLY
VALVE

Latest UOP Supply (potential upgrades for older units):

 New UHMWPE Seat Design
— Higher cycle life

» High cycle shaft bearings
- MBT (Metal Backed Teflon) with Nitronic 60 Backing

* Inconel 718 Shaft
— Standard diameter
* Duplex pins
— Peened in place

» Valtek VR High Cycle Actuator
~ Modulating valves
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VALMET HIGH PERFORMANCE BUTTERFLY
VALVE

Latest UOP Supply (potential upgrades for older units):

» High cycle bearing and seal upgrade
~ Fiberglide bearings and excluder rings
— Filled “super PTFE” shaft seals

—- PEEK filled PTFE thrust bearings

» Shaft material upgrade — Inconel
- Improved seat material — Xtreme ~ T'eg.34Per FTFE - Xtreme Seat

oW ir
“:‘ELE' po— Exchanger
!@ @l Rings

Fiberglide PEEK filled PTFE
Shaft Bearing Thrust Bearings
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CONTACT F
SPECIFIC U

PLEASE CONTACT

OR
NIT PROBLEMS

James Tuckowski
James Radtke

AT THE FOLLOWING EMAIL ADDRESSES OR PHONE NUMBERS

James.Tuckowski@Honeywell.com 1-847-391-2808

James.Radtke@honeywell.com 1-847-375-7533
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