CORROSION RESISTANCE AND HEAT TRANSFER
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Heat Exchangers and
Components in Graphite
and Silicon Carbide

GRAPHITE AND SILICON CARBIDE



SILICON CARBIDE AND GRAPHITE HEAT EXCHANGERS
APPLICATIONS

Agrochemicals, Active Pharmaceutical Ingredients,
Flavors, Fine Chemicals, Steel Copper Pickling,

Automotive Batteries, Advanced Polymers
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GRAPHITE AND SILICON CARBIDE

THERMAL CONDUCTIVITY
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SYNTHETIC RESIN IMPREGNATED GRAPHITE
PROPERTIES
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE DESIGN PRINCIPLE
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE TYPES
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Annular-groove Annular-groove Heat exchanger

condenser heat exchanger GN type

instaliation _ optimal flow cross section section on process side, | @

GMP design optionaily and real counterfiow e.q as vent condenser or A B
behind dry vacuum pumps
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE MANUFACTURING
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE DESIGN BENEFITS

Annular-groove design Block design
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“Spiral” groove arrangement means Linear flow arrangement means
- High turbulent flow - Laminar flow
- No fouling, no sedimentation - Tendency to fouling and sedimentatior
- High heat transfer - Lower heat transfer
- Full counter flow - Only cross flow |
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE DESIGN BENEFITS

Overall heat transfer value (Wim? K)

Annular-

Block Increase
groove

Two acqueous liquids 500-1.000 1.100-1.600 + 60-120%
Water and organic solvents 400-700 600-1.200 + 50-70%
Water and acid 400-700 600-1.400 + 50-100%
Water and condensing steam 600-1.100 | 1.300-1.800 | +60-130%
Miaier id condernsing 400700 | 700-1.300 | +75-90%
solvenls
Healing steam and
evaporating water 800-1.100 | 1.400-1.800 | + 65-75%
fisating steamanciofganic 600-000 | 800-1.400 | +35-55%
solvent
Healting steam and acid 500-900 700-1.400 + 40-55%

Average heal transfer value indicating the thermal performance
annular-groove heat exchanger vs. block heat exchanger

Chas
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE DESIGN BENEFITS

Block and Annular-groove h.e. sizes (at comparable heat load)
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Block Annular-groove

18,2 m’ transfer area 13,8 m? transfer area

Block (Lecarbone Lorraine) vs. Annular-groove GAB
Acid heating with steam
© (Jordan Phosphate Mines)
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE BENEFITS

Annular-groove design

High wall thickness means

- No leakage
- No cracks

- Stress is very unlikely to exceed the
maximum allowed

Block design

J max. 3-4 mm
|-'-'

Small wall thickness (3-4 times smaller than
Annular-groove)

- Risk of leakage
- Risk of cracks

- Stress exceeds the maximum allowed
easily



SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE CONDENSER

S Required trantsef;rpir;a:u( ::g f;.a.t.mndensaling {Séacnot:‘ ?g‘;sneddau@ﬂ)&an sators
: T - - 1) GN1-06-9 (1,08 m?
Type. || <OER )| Hestoed i ] R e z: Nas-ns(z.{s m?) }
Water Ethaznal 3) NB5-08(4,0 m?)
AE 63 | 0.56 10 0.2 )] 03| 1] 037 | 1) 06 |1) 4) NBB-GB(S.-im?}_’
AE 100 | 0.88 16 027 | 1)|04s5| 1] 058 | )] 1.0 |1) :; :g;igﬂ;:m?:
AE 160 1.25 23 0.38 110.65] 1)] 0.85 | 1) 1.4 2) 7) NB7-18(20,7 m?)
AE 250 | 1.7 a1 052 | 1Hoss| 1] 114 [ 1] 19 |2 8 NB7-26(29.9m?)
AE 400 25 45 0.75 N 13| 2] 1.7 | 2] 21 2) see also Product Info
AE 630 | 31 56 003 |1 16|2| 21 [2] 28 |3 RN-11resp. RN-8 (GMP),
AE 1000 | 46 83 14 | 2242 31 |3 38 |3 g::}ﬂ PEREDL R T A
BE 1600 | 73 131 22 |2|37]|3)] 48 | 4] 61 |4
BE 2500 | 97 175 29 |3 s0|4 64 |4 81 |85
BE 4000 | 13.4 241 40 |3 684 89 |5 112 |5
BE 6300 | 18.1 326 54 |4)]93]5| 120 |5 151 |6
BE 8000 | 18.0 324 54 |49z2]5] 18]35 150 |s
BE 10000 | 20.7 373 62 |4)|106] 5] 137 | 8] 173 |7
BE 12500 | 25.2 454 76 | 5]129] 6] 167 [ 6] 210 |7
BE 16000 | 295 531 89 |5|151]8)] 195 | 7| 246 |8
BE 20000 | 34.0 619 102 |5l17.4| 7| 225 [ 8| 283 |#) @AB

(see also Work Standard 1562)
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SYNTHETIC RESIN IMPREGNATED GRAPHITE HEAT EXCHANGER S
ANNULAR GROOVE GMP DESIGN TYPE

CIP nozzle

Process inlet

Inspection glass

All discs completely
cemented and
remachined




ANNULAR GROOVE PROCESS EQUIPMENT







SILICON CARBIDE
CORROSION RESISTANCE

170°C
120°C

100°c |
25oc [

Ablation Rate [mg/cm?2a]

H_O dest.
H,SO, 96%
H,SO, 98%
HNO, 65%
HNO, 70%
H,PO, 85%

HCI 32%

HCI 25%

HF 53%

HF/HNO,
NaOH 30%
NaOH 50%

KOH 30%

KOH 45%

Chas
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SILICON CARBIDE
PROPERTIES

Density (20°C) kg/m3 3,1
Flexural strength (20°C) N/mm?2 460

Comprressive strength (20°C)  N/mm2 2900

Elasticity modulus (20°C) Gpa 410
Weibull-module >12
Thermal conductivity W/mK 130
Free porosity % 0
GaB
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CORRESIC® HEAT EXCHANGERS DESIGN

- Extend product range by SiC products (intended annular-groove, shell & tube (and
block)

CORRESIC® annular- CORRESIC® Block CORRESIC® Shell & tube
groove heat exchanger heat exchanger heat exchanger @ A B
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CORRESIC® Compact Sealing System

®* Compact sealing system with double
sealing as standard > minimised risk of
Cross contamination

® Sealing face in thermally resistant
sleeve > no creeping at high
temperatures

® No sinkings for sealing in tube sheet
> more compact bundling of tubes
means up to 35% more transfer area
> strengthened steel core for better
stability and therefore...

* ...fixing of the tube sheets only by outer
pitch circle > no corrosion risk by coated
screws compressing the tube sheets

Chas
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CORRESIC®-SB Leakage detection system

Tube sheet (assembled) with leakage  Spacer disc with draining channels and
detection system gasket

®* The leakage detection system (optional feature) allows to detect failing

gasket in double sealing
Gae
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CORRESIC®-SB Design

® Monolithic discs in pressureless sintered SSIC
material for best corrosion resistance

® Corrosion and temperature resistant TASIC® fusing
based on fluoropolymers

® Dead corner free design enabled by TASIC® fusing
process

® Helical springs for sustainable sealing forces
throughout the total range of operation

®* Main data
® Heat transfer area up to 10 m?2
® Disc diameter 320 and 430 mm
® -1 barto +6 (+10) bar
® -10 (-60) °C to +200 (+220) °C

Chas
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CORRESIC®-SE Design

® Monolithic blocks and headers in pressureless
sintered SSIC material for best corrosion
resistance

®* Modular design with PTFE gaskets and PTFE or
stainless steel baffles

¢ Steel shell with axial compensator for thermal
dilatation

® Helical springs for sustainable sealing forces
throughout the total range of operation

®* Main data
®* Heat transfer area 0,3 m2 to 20 m?
® Block diameter 160, 260 and 350 mm
® -1 barto +10 (+16) bar
® -10(-60) °C to +200 (+220) °C

Chas
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CORRESIC®-SE Applications

* Liquid/liguid heat exchange at all acids, brines and
organic solvents, e.g. mixed acid, sulphuric acid,
nitric acid

® Reboiler evaporation, especially steam heated

® Condensation processes with special need of
robustness

* Pickling applications in steel and galvanic
industries (heating, cooling, acid regeneration)

® Acid concentration processes

Chas
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