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1. Executive Summary

We, SKI, had used successfully the sealless pumps such as magnetic drive
pump and canned motor pump in order to meet the environmental regulation
for clean service. Based on successful experiences for many years, magnetic
drive pumps have been aggressively applied to improve the seal life for special
services such as sulfur, caustic, ammonia, etc since 2005. The magnetic drive
pump has been preferred because of various advantages (easy maintenance,
robust design, leak free, etc).

However, we have faced important and didactic issues due to inappropriate
operating procedures, protection systems and design. Unless the application
and operation are taken into a consideration for special services like as molten
sulfur and ammonia, the consequences of pump failure could result in
devastating damage to pump parts and even fire. This case study will show
how the bad actors were improved, lessons learned and guidelines for reliable
operation.

Users are reluctant to apply protection systems fully compliant with API685 or
vendor recommendations for non-hazardous services based on economic
considerations. But they should consider providing minimum protection
systems for special services, if not for all pumps.
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2. Application of Magnetic Drive Pump

1) General Recommendation

A. Acids or other liquids which cannot be allowed to leak to the environment

B. Where a mechanical seal would be expensive to buy and expensive to maintain
X Advantage
- Simple, modular construction for ease of maintenance

- Leak free, seal-less construction \/ Magnetic Drive Pump
il 1

Conventional Seal Pump

A i ._' l

P S T——
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2. Application of Magnetic Drive Pump

2) Successful Application for General Service

= Clean Service For Petrochemical Process
- Benzene, Toluene, Xylene, etc.

= Strong Sulfuric Acid
- 98%wt H2504 Acid

= Caustic Water

Environment & Safety
= “ZERO" Leakage !!
= Clean !!

= Mitigating Risk !!
= Safe !!

Maintenance

= Improved MTBF
- 2~3 yrs > more than 5 yrs

= Saving Maintenance Cost
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2. Application of Magnetic Drive Pump

3) SK Criteria

A. Pumps which dual seal should be applied for *VOC Service, Toxic or
Stench service

- Acid Service, Benzene, Toluene, Xylene, Ammonia, etc

B. Bad Actors due to Mechanical Seal leakage
- Molten Sulfur, Caustic, Hot Qil, etc

C. Seal Pumps less than BHP 50 kW and clean service (without particle)

- Considering a capital and maintenance cost with comparing to seal
pumps

D. Restricted application of Sealless Pump

- Sludges, Slurries, or Solids-laden fluids are processed.
- Possible dry running operation
- Intermittent operation

* VOC : Volatile Organic Compound
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2. Application of Magnetic Drive Pump

We have applied aggressively a magnetic pump to special services.

Bad Actors in Special Service

Molten Sulfur

Ammonia

Weak Acid, etc.

>1/\/\N

W

What is the results ?

3/39



2. Troubleshooting & Solution 2.1 Molten Sulfur Service

1) Sulfur Marine Loading Pump
A. System & Specification of Pump

These pumps supply the molten sulfur from tanks to piers for marine

loading.
Liresze Llﬂag%a Pump (P7662A/B) FICTSS | ia4s1o W
0.00 Service  Molten Sulfur

| |
— | |
[ Tlf%h " e il ooo T g
= P76624 .
30MB 7] - w| IP766224 Tem P. 138 °C
T R
TI76528
S.G 1.79
SULFUR
At || e Head 71 m
| FQI76540
25.4 MMz - Cirhean Flow 163+20 m3/hr
TI76527  PI76507 0.00
(176527  Live939 000
10,084.00  72.76 i %_ BHP 108.3 kW
! l Q o 0.00
T76628| [[% - |||?3?:.-%%22%
crt [| = | 032 Motor 132kW
30MB ~
T —_—
TI76529 RPM 1800

P7662D
HP7662D
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

1) Sulfur Marine Loading Pump

B. Problem

» Pump shaft could not be turned by hand since pump had been operated
on Aug. 14, 2010.

= Internal Parts were damaged ; Isolation Shell, Sleeve Bearing, Inner/Outer
Magnet

U total overview
Isolation Shell

AT P q

Outer Magnet Carrier
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2. Troubleshooting & Solution

2.1 Molten Sulfur Service

1) Sulfur Marine Loading Pump
B. Problem

Operator wanted to shorten loading time, then run two pumps in parallel.

Parallel operation had been tried several times but one motor current was
near no load.

A Pump Ampere

B Pump

Ampere

“A" Shell Temp

B” Shell Temp

Total Flow
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

The parallel operation could cause unbalanced flow for each pump with flat
performance curve.

Parallel operation Operation under Excessive Heat Increasing
with flat “H-Q"curve min. flow Generation viscosity of sulfur
0 0
i ) —
10 ) A\ ]
‘W “"‘ﬂb.. N\ = "."‘qb..
B0 0
A
[ Eﬂ " 50 0 =
£ £ Min. Flow
Iy Iy
( {0
{0 f0
U" WWW L L AL UL L L e,,,,,,,,....,,...,.,....y.y...unun-vl»rvnnl
A A A A T I I I R
Qin'h) Qnh]
“B"” Pump Operating Point “A" Pump Operating Point
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

Heat generated due to operation under min. flow consequently increased
viscosity of pumping fluid(molten sulfur).

Parallel operation Operation under Excessive Heat Increasing
with flat “H-Q"curve min. flow Generation viscosity of sulfur

Ve CK)x/0°
255 250 245 240 235 230

% (centipoisé)
SRS
/
>
&

120 /30 /40 150 160
Temperature €°C)
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

Solidified sulfur inside pump induced the increase of torque and finally the
magnetic coupling was slipped if the coupling torque couldn’t overcome it .

Toraue increased Magnetic Coupling Demagnetizing Internal Parts Damage
9 Slip + Heat Generation (Coupling & Shell)
N AV Ryls o X ;
e oI
U tOtal l l l l Slip Motion

Wi W W W

' BEB8

Slip Motion

il
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

Toraue increased lagnetic Coupling Internal Parts Damage
: Slip + Heat Generation (Coupling & Shell)

Slip of magnetic coupling causes alternate magnetic flux with decreasing
amplitude by hysteresis loop

Slip Motion
=
WY WY W W ™
(T
Slip Motion JL [
=

AR VWARWARVWAR |

3 B-F |

5
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

Toraue increased Magnetic Coupling Demagnetizing Internal Parts Damage
9 Slip (Coupling & Shell)

Eddy current in isolation shell inducted by alternate magnetic flux, causes
excessive heat by Ohmic loss like induction furnace

Alternating N
magnetic field

by slip motion — /

| Isolation shell

Eddy current
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

. Magnetic Coupling Demagnetizing

Thermal expansion of isolation shell by excessive heat cause contact with outer

magnet carrier

1mm
E—

Excessive
Heat

Clearance between outer magnet carrier and isolation shell is very
small to prevent magnetic loss. Excessive heat can make isolation shell
easy to contact to outer magnet carrier.
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

. Magnetic Coupling Demagnetizing

All major internal parts were severely damaged.

;i_:_ Outer Magnet Damage

Inner Magnet Damage
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

Problem Sequence Phenomenal Causes Aspect
@ Operation under @ Parallel Operation with flat performance [ Operation
Minimum flow curve

@ Consequential Influence
- Excessive heat generation due to operation under minimum flow
- Increase viscosity due to Excessive heat
- Torque was increased higher than magnetic rated torque

® Magnetic Coupling Slip ® Magnetic coupling torque was less than Design

motor
trip torque
@ Magnetic coupling was (© Pump didn’t stop as soon as magnetic Protection
demagnetized coupling was slipped System
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

D. Solution Provided and its Result

Root Causes Solutions Provided Aspect

@ Parallel Operation = Prohibit the parallel operation of pumps Operation |

® Insufficient Magnetic = Increase torque rating of magnetic coupling .
coupling torque higher than motor’s Design |

© Pump didn't stop = Implement proper protection system
. - Shell Temperature Monitoring & High Trip
das soon as magnetlc

- Motor Amp. Low Trip for slip of Magnetic Coupling ~ (__System
coupling was slipped

a . N\
Protection

@ Additional remedy  « Enlarge the size of min. flow orifice to

increase min. by-pass flow Design ]

These pumps have been operated stably since 2010 without any
trouble
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2. Troubleshooting & Solution

2.1 Molten Sulfur Service

2) Sulfur Truck Loading Pump

A. System & Specification of Pump

» This pumps send the molten sulfur from tanks to loading arm for truck loading.

TI?ES'IZI]E PI?ESI]E
LI76526 LI?ESZB
6,943.00 44.28

F
‘l.l

—l

T7/662A
CRT
JOMB

I
TI76528
145.34

[ W 3

PCW76503
25.4 MMH20 Q]-%(

P CW76509
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TI?BSZT PITESI]?
LI?BSZT LI?BSZB

10,084.00 T2.76
| |

JOMB

176626 [I%
CRT

I
TI76529
145.10

r
-

FOI76541
0.00
1
FIC76541
7654 FQI94518 <_#1FCC TANK |
ooo 0T T4 AB
I
| :
Y F O
P76624 000
IIP_?E_EEM MARINE L/D
SULFUR
HOU T/R
SULFUR
P7662B
IIP76628
-0.24
FOI76540
1?.|4ﬁ
FIC76540
0.00
0.00
—
Ill 0.00

P7662C
HIP7662C
-0.32

P7662D
IIP7662D
-0.16

Sulfur Truck Loading
Pump (P7662C/D)

Service
Temp.
S.G
Head
Flow
BHP
Motor

RPM

Molten Sulfur
138 °C
1.79
159 m
17.3+7 m3/hr
85 kW
110kW
3600
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2. Troubleshooting & Solution

2.1 Molten Sulfur Service

2) Sulfur Truck Loading Pump
B. Problem

Shell Temperature was increased up to max. 167°C so that the molten
sulfur solidified inside of pump magnetic shell. Finally the motor was

tripped by overload motor current.

165.0

160.07

155.07

15009

14309

143,10

140.0
51815:30

18158

1
5181618

15719 16:380e

1
51871708

3181730

connection head without transmitter

to motor circuit

plastic cable gland
Pg 13.5 WAZU-EExe Il

N

N

O —

A

it

>

Lz

22

ceramic sand

cement
PT 100-element

bottom

internal circulation

adapter piece

compression spring

protection tube

PT100—element

ontainment shell
protection

drive magnet

containment shell

driven magnet

measuring_point
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2. Molten Sulfur Service 2) Sulfur Truck Loading Pump

C. Troubleshooting

Problem Root Causes Aspect

@ Shell Temperature @ Excessive magnetic loss Design
Increased more than expected

® Insufficient cooling effect by internal Design
cooling flow

¥ No Slip of Magnetic Coupling Magnetic coupling rated torque was higher Design
than motor trip torque

['F] [C] ATsp H20
1

HEINE
26

1
parameters Py [kW]
AT-values based on Hz0 L

1

2 = Expected Temperature Rise : 156.2 °C
1 8.3kW A\
|
5.6kW 1\ ™~ _
N | e . ot T || T =T+ ATSp,Hzo X Cioo X Ph2o
2 N S CProduct Pproduct
2.7kW 1] R AT
s ~L_ T .
~ T = Actual Temperature Rise  : 167 °C

1.5 2.5 10 15 2 30 50 70 m/h
T T T T T
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2. Troubleshooting & Solution

2.1 Molten Sulfur Service

C. Solution Provided and its Result

Root Causes

Solutions Provided

Aspect

@ Excessive magnetic loss ©

®

LP Steam. s

Modification of Heating & Cooling System
- Heating before pump start,
- Cooling after pump start

; Close after pump start- Open after pump starte
- C/Wtr (Open after pump start)«
o
m LP Steam For Winter+
NERRRRST AN | 1B | Il SRR
RN\ \\ \‘ 'D W 1\K nE [/ (1171 171/ frfr/f 1/ 11/
A \\\ m\'\\\ \ ay /'./rfa‘;‘ / ';”ff/-;/f'
k A\ A AW | / '(‘ f’/a’f/;’d /;Jf/f/,‘/ /] :;‘.f i
; y Y - | \ | f / / / /7 // Fd 0 f }f ' /]
AN 3 : '-—"(’——f—/ = N/_,f ey o
\\\ N y gy r: 7, //f,r /o ,/ff |
> N \ ; VRN 7 . // N // /
ARARNRER : /;/ {
‘__\‘ 1 A A{/ i ; ,f' / ff
o ’/'» » 5 ! s NN // /
SN 5 T 7 o H
TS — e i - =
I - e /’/ ; SRR _-.__‘_J., 5 . \
Y/ o N 3 = RN, \
o ! ! (7 Vo
%/;/ AR, S A\ A\
—’”’ “‘ \\ 1 | W \ H .;\
/ / ? 3 \Q \\:\ e Z — T \\\ / \:Pll ‘.\ ‘\ \
i rary ’ / - T e === Ry Yy
v = 7 o / N, /,” — _}_ I/ \ \ \‘
’/’{ y SrEE Ry JQ? ¢/ '/ffr! 5 t ? r J' - ”U \ Eﬁyﬁrl\ \\\ \\
o *

C/Wtr Return+

Ly
Drain Lin%

Design
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Solution Provided and its Result

Root Causes Solutions Provided Aspect
® Insufficient cooling effect (2 Increase the internal cooling flow Design
by internal cooling flow
WAV LTV .;f Iy s aaaNy
Y@ SN YT 0
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These pumps have been operated stably since 2008 without any

trouble (Shell Temperature : 167 — 154 °C)
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

3) Sulfur Truck Loading Pump (Y-P9402B)
A. System & Specification of Pump

» This pumps send the molten sulfur from tanks to loading arm for truck loading.

Ti94011
TI9801AB 14274
T TI9801AC 144.74

EEJYNZ

|
143.49 _ TI94012B .
> % | ] ey Service Molten Sulfur
- Pog01A 94|]|]4 14347
B e Temp. 140 °C
| ™S P3801B Fogg001 TIs012
)
TI9402AB SG 179
i
141.00 Head 101.2 m
S || o Sl .15 e
TI9402BC
140.45
& PIOAOItA BHP 36.2 kW
) Pi1D
' Motor 55kW
1 PO4D1
4003 o MM BBL TON R P M 1 8 O O
.07 66.57 7,152.45 15,016.056 4,273.29
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

3) Sulfur Truck Loading Pump(Y-P9402B)

B. Problem

» Pump started and operated for 3 minutes, then smoke was seen coming
from the pump.

= Isolation shell temperature increased over maximum temperature sensor

o
range(210°C)
BE:]Y N? Tlgdll‘ﬁ = T T T T
TI9601AB 142.74 400%¢ :
o ua ’ TIO012A Isolation Shell
TI9801AC | 144.74
143.49 | Tisd0128 Temperature
T94012C
T19601BB - 0120 P
e i a0t
et
94028
56.02 200°C
TI9402AC

141.00

T1940288
63.02
TI9402BC

140.45

1 PIS40014
- | 149.41 =
* ! PI94001B
| 13025
0 ‘
ﬂlgg o g BB Ton i T I T 1
! S L1245 1501605 4,27 0% 1140 114 1140 10




2. Troubleshooting & Solution 2.1 Molten Sulfur Service

3) Sulfur Truck Loading Pump(Y-P9402B)

B. Problem

= Results of overhaul inspection
- Isolation shell, impeller, casing were partially melted.
- Inner & outer magnet were demagnetized

Flame propagation Internal burning

N
ey, o R T
=
o
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

Problem Sequence Root Causes Aspect

@® Operation under

@ Insufficient a orifice for minimum flow bypass Design
Minimum flow

@ Consequential Influence
- Excessive heat generation due to operation under minimum flow
- Increase viscosity due to excessive heat above 160 °C
- Torque was increased higher than magnetic rated torque

3 Magnetic Coupling Slip (® Magnetic coupling torque was less than motor [ Design
trip torque

@ Consequential Influence (on next page in detail)
- Shell temp. increased due to magnet slip and parts were thermally expanded and finally
touched each others
> Air entered through damaged shell by contacting with rotating outer magnet
- Parts were melted due to high heat generation by reaction of molten sulfur and oxygen.
(molten sulfur ignition point : 247°C)

damaged and melted coupling slipped

® Internal parts were © Pump didn’t stop as soon as magnetic Protection
System
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

X Possible Combustion Mechanism 1

3 elements of combustion : Ignited by Spark due to Parts Metal Contact

Ignition
Source

Sulfur © Flammable Atmospheric Condition
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2. Troubleshooting & Solution 2.1 Molten Sulfur Service

C. Troubleshooting

X Possible Combustion Mechanism 2

Spontaneous Ignited by Heat Generation due to Magnetic Slip

Magnet Slip & Heat Generation ™"
- Heat Ignition Point : 247°C

Sulfur =2
Flammable
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2. Troubleshooting & Solution

D. Solutions Provided and its Result

2.1 Molten Sulfur Service

Root Causes Solutions Provided Aspect
@ Insufficient a orifice Size * Enlarge a orifice size to increase a minimum Design )
for minimum flow bypass flow bypass
® Insufficient Magnetic Design |

coupling torque » Increase torque rating of magnetic coupling

© Pump didn’t stop . = Implement proper protection system
as soon as magnetic - Shell Temperature Monitoring & High Trip
coupling was slipped - Motor Amp. Low Trip for slip of Magnetic Coupling

v

.

a . N\
Protection

System

J

These pumps have been operated stably since 2011 without any

trouble

28/39



2. Troubleshooting & Solution

2.2 Ammonia Service

A. System & Specification of Pump

Thease pumps supply a 25% ammonia water to SOx Removal System for

boiler,

25%wt Ammonia Water Pump
(PW-P4355A/B)

Pl143271
44.F0

LI43057

TI43314
1077

i

F.175.44 =

B103 SCH
B103 SNCR
B104 SCH
B104 SHNCR

PYw_P4355.0

-

[PLANT AR

B1045 SCH

B105 SNCR

o T — — | |

AT | S o 4|L‘£
| 2801 1 :
1 ~ [ )

FC1275A 000 =

2726 'FlUOE GAS

FC1272A

LS

— — _o.28
1
TI4Z315 FC1Z27 1A
1081 — % 0.00
|- 1
D L L143058
| 1.645.02 PI1272A
- , —, FC1272B
"'mi:" :_ % -850
] [ DEMIVWATER
. 4 — — — FC1271B
| % 0.00

Service
Temp.
S.G
Head
Flow
NPSHa
NPSH3
BHP
Motor
RPM

Molten Sulfur
31.8 °C
0.89
66 M
1.0+0.5 m3/hr
1.37
0.5
2.99 kW
5.5 kW
1800
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2. Troubleshooting & Solution

B. Problem

2.2 Ammonia Service

Discharge pressure of ammonia water pump in SOx Removal System
for boiler was decreased (5.9—1.2kg/cm?g), even though stand-by

pump was automatically started, the pressure wasn't restored.

Tal

Tal

(]
XV43075
A TY PRwAS, 0 _

nk Press.: 0.016kg/cm?g

hk Level: 2.3m "_D t

Tank Temp.: 35°C

T i
LI43057
347544 —

PLANT AIR )

FC1

NEUT
POND

|:|_I_ L143058
| 1

645.02 P1272A8
0.00

| DEMI-WATER .

PC43275
5.77

~ >

B103 SCR
B103 SNCR.
i B104 SCR >

B10% SNCR

XW-1275A

2758 o —

27.26 TFUE GAS

FC1272A

= -9.28

FC1271A

— FC1271B
0.00

ll

Pump Discharge

Pressure

@ Pump Suction

0.12kg/cm?2g,
35.3degC

DL V12 Y 2 F
133 1335 1341

MB0r-12

1345

Mur-2
1330

Wm0 a2
1355 1400 1405

W22
1410
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2. Troubleshooting & Solution

2.2 Ammonia Service

C. Troubleshooting

@ Suction temperature was +2.2°C higher than design (Design: 31.8°C, Actual: 34°C)

: Did not properly reflect summer conditions (NPSHa |)
- Design NPSHav = Ha + Hs — H; — Hvp(0.872kg/cm2abs) =179 m (@ 31.8°C)
- Actual NPSHav = Ha + Hs — H; — Hvp(0.950kg/cm2abs) = 0.91 m (@ 34°C)

@ The Heat was generated +3°C during pumping by Pumping Heat and Magnetic &
Bearing Cooling Heat (NPSH3 1)

- Design NPSH3 : 0.5 m, - Actual NPSH3 : 1.8m

X The vapor pressure of ammonia is dramatically changed according to
temperature change

‘Cl 3113233 (3435|3637 383940 |41 |42 | 43

Vapor Pressure

(kg/cm2) 084 1088|1092 (09 099 (103 (107 (111 (115|120 | 124|129 | 134
Per 1°C
Vapor Pressure Increment (0 034 ]0.034|0.037 | 0.038 |0.038 | 0.038 | 0.038 [ 0.040 | 0.046 | 0.046 | 0.046 | 0.046 | 0.046
(kg/cm2g)

Per 1°C
NPSHa decrement (M) 038 1 038 (042|043 1043|043 (043 |1 045|052 | 052|052 | 052 ] 052

(or NPSHr increment)
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2. Troubleshooting & Solution

2.2 Ammonia Service

C. Troubleshooting

Problem Root Causes Aspect
@ Pressure Drop due to (@ Decreased NPSHa ([ o )
Cavitation Suction temperature was +2.2°C higher than design . peration )
® Increased NSPSH3
Heat generation (+3°C) during pumping Design

by Pumping Heat and Magnetic & Bearing Cooling Heat

Pumping Heat Generation

T

J

s Bearing

Regenerative Turbine Type Pump

)y Cooling

Heat Generation by Internal Cooling

=r»




2. Troubleshooting & Solution

D. Solution Provided and its Result

2.2 Ammonia Service

Root Causes Solution Provided Aspect
@ Decrease NSPSHa u Improvement of NPSHa Operation ]
- Protect pump suction line from radiation of sun
- Increase Tank Level for summer
® Increase NSPSH3 = Water jacketing for casing cooling Design

© Additional Remedy

= Implement proper protection system
- Shell Temperature Monitoring & High Trip
- Motor Amp. Low Trip for slip of Magnetic Coupling

v

a . N\
Protection

System

J

These pumps have been operated stably since 2010 without any

trouble
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2. Troubleshooting & Solution 2.3 Dirty & Weak Acid Service

A. System & Specification of Pump Failure Case

This pumps circulate a weak sulfuric acid including dirty particles on
reverse jet quencher in SAR plant.

é | é KvE1=0d282M3¢sE = @&~————-——=
KC39001 COMMAND : 40,86

1
PI59I]EH PI59070 |
0.02 [ AUT | [STOP] ! .
| % | KC59001 START TIME : ! : Weak(2.56%)
FIRE WATER . | Service
| 480.00 (MIN) : 474.00 sulfur Acid
| E5911 KC59001 XV OPEN TIME : ' ultur Aci
PROCESS GAS 1.00 (SEC):  1.00 —:—t
FIC59012 KC59001 STATUS : | S .
_ 30,00
PIsgT2 |- 000 p1500g L) L1 (1 (1] [0 [ | e Temp. 85 °C
| -1,004.55 I 1
4 ' 65.33 ' S
ﬁl PALL59012A PI59081 a . 1.05
PAL59012 ! -1,160.63 : _.g S.G
T .| PRASI012 é _ _  KC/9001A~F TI59028 — | L=
o] PHSOTEn, e 721 |
: ~TI59026A TAHH59026A | | LIC59008
HIC59075 i 7471 TAHH59026B | | 50.00 Head 355 m
FI59I113 33.00 a0 —Tlﬁguzﬁﬁ TAHHA9026C I 50.08
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2. Troubleshooting & Solution 2.3 Dirty & Weak Acid Service

B. Problem

Internal parts were damaged more than 30 times during 2008~2012.
"’V/

& ‘-'
LE
| - =
e o = 1
1 R = ~ F
: g

Impeller Damage B Sic Sleeve Bearing Damage
"’f’x
\ o —i
Thrust Bearing Damage Tolerance Ring Damage
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2. Troubleshooting & Solution

C. Troubleshooting

2.3 Dirty & Weak Acid Service

Problem Root Causes Aspect
@ Internal part @ Improper material [ Design
corrosion CD-4MCU couldn't resist for weak acid service
@ Flow reduction ® Internal damage by process foreign material [ Design
Internal parts were damaged by process foreign
material
© Poor external flushing Operation ]
External flushing source is not 100% pure
@ Tolerance ring Design

Bearing holding force of tolerance ring decreased
as time goes by because of loosing elasticity of it
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2. Troubleshooting & Solution 2.3 Dirty & Weak Acid Service

D. Solution Provided and its Result

Root Causes Solution Provided Aspect

@ Improper material » Improvement of material Design ]
- CD-4MCU - Hastelloy-C

® Process foreign material = Dual strainer Design
» Change to pure external source f ]
© Poor external flushing (Demi-water) _Operation |
Design
@ Tolerance = Change bearing type (no tolerance ring) -

Despite of many improvement application, the pump reliability
couldn’t be improved. Finally the pump type was changed to
conventional seal pump
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3. Lessons Learned

In case of magnetic pump application for special services such as molten sulfur
and ammonia, the following should be taken into consideration.

~

& Design

(.

Engineering

» Specify the limit of temperature rise and include the
temperature rise test in performance test at engineering stage

= Install the protection and monitoring system for the shell
temperature and ampere for coupling slip

» The torque rating of magnetic coupling should be higher
than motor trip torque to avoid the slip of magnetic coupling.

= Install special strainer on shell flushing line if abrasive
foreign material would be expected.

= Restrict its application to a corrosive service including

L particles

~N
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3. Lessons Learned

In case of magnetic pump application for special services such as molten sulfur
and ammonia, the following should be taken into consideration.

4 N ( h
= Install and size enough minimum by-pass flow orifice
= Recommend no parallel operation for pumps with flat curve

0 i If parallel operation would be required, the head rise should
peration be more than 110%.
= Recommend to operating these types of pumps within design
temperature
\_ J L J
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End Of Presentation

&

Questions?
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