Material Handling — Basic Principle

Christoph Schumacher — General Manager Materials Handling Plants & Systems
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Powders & Pellets (Coperion

Examples of Bulk Materials

Others

%XN\@

Plastics Minerals
Glate .75 ' |

,‘;.“"‘ N . -\'J-

Carbon Black

Cofee Tobacco

Biopolymer

Silica Sand
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Powders & Pellets (Coperion

Examples in Food, Minerals & Chemicals

Brown coal

Wood chips

Animal food

Coffee, chocolate
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Powders & Pellets (Coperion

Examples in Plastics & Chemicals

Powder / Granules / Flakes (from Reaction / Pol

T \
' approx. éOﬁu "“ :
] e@er pelletized /extru@&m
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Plastics & Chemicals coperion

General bulk solids evaluation

* Accumulating / caking
* Forms wall deposits

* Strength of particles/agglomerates @ |
* Adhesive rticle size / dist@@
Bridging  due to particle s a@ K @
g r * Pr tﬁe&@perature
- @

c alC
©@ Particle Shape
K\
@@ * Strand / Under water cut

* E-Modulus / Secant Modulus
* MFI
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Plastics & Chemicals coperion

- ] = ute / Strand conveying,
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> o — \\ Heavy products: — e Q@ ase conveying
= 10008 C - s — . X\Mt ut pressure minimum
S - ;\(\ p \\\ ‘I? / @ (Deposits)
- ?_-‘73 e \\/ /) St -\ﬁ di yi \
a o roducts > N andar pro@%% 5 Dilute / Strand conveying,
O 1 \Wa AN @ (Dense Phase flow conveying)
N g’? @Kﬁ °
(O] Shy Nl
\
| cO®
— @ Dilute Phase conveying
100 , T, 1 1 (Coating)
Particle size [mm)] nach R. Pan
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Plastics & Chemicals coperion

nit weight (min) g| [kN/m3]

unit weight (max)

partlcﬁ \ %Isso ﬁnm
Jil°]

wall f@ C\t@}‘\klent jacket Mm-1 [-]

co&wersmﬂ r wall friction - jacket amm-1 [-]

allNfriction coefficient - hopper Mm-2 [-]

@@ conv. factor for wall friction - hopper amm2 [-]
%ﬁ(@ angle of internal friction Jim [°]
conversion factor for internal friction a [-]

lateral pressure ratio Km [-]

conv. factor for horizontal pressure ratio ak [-]

patch load solid reference factor Cop [-]

Noise Generation

eblendin Bulk Pressure
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eoperion

Pneumatic Conveying

Basics: Definition and Variables

with a gas flow

transport of bulk material

= Conveying phases

Depending on the selection of the variables, the bulk material moves in different ways through the pipe
> Conveying Pha
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Conveying Modes (coperion

Phase Diagram for Pellets

d CONTI-SCHUB

-+ Dilute
y Phase

FLUID-SPLIT

(only coarse powder)

CONVEYING PRESSURE [Ap]

B! TAKT-SCHUB

i3 VACU-TAKT
&% VACU-SCHUB

gl /=" W AN TN LI T '7 —
L VELOCITY OF CONVEYING GAS [v_], « T «
LW 5 L - . w VP D e e -
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Conveying Modes (coperion

Phase Diagram for Powder @

® FLUIDLIFT

SOVP

SUPERDENSE

B Bl el el FLUIDSTAT NT
B § § DUROSTAT

CONVEYING PRESSURE [Ap]

Unstable
Area

VELOCITY OF C !EYING GAS [v_]

-
-
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Conveying Modes

coperion

[\

Conveying mode

Characterised by

Produc

ﬁide NaPn\e/

Dilute-phase
(lean phase)

High energy consumption
High operational reliabilit

Wide prod@

;Lu\lDLEAN@t
So @Q

K%@@

Dense-phase
(strand phase)

Lo consymptio
maller pipesize

=

Free\flowing products (fluff,
rapules, pellets)

Gl

Hi@eﬁio
Less dust angstreamers

CONTI-SCHUB® TAKT-
SCHUB®

(plug phase) W Wi ;y \ﬂ%
en e-pha§e\/ Low energy consumptiog @ EPIﬁ)idisable powders SUPER DENSE®
(fluid phase Smaller pipe size (g
. el
Dense-phMth intern, t%biﬂfé}ng Powders with average fluidisation | FLUID-STAT®

bypass

cO

|
\NO 0 struction

properties, finely-grained bulk
material

Dense-phase with external
bypass
(plug phase)

No obstruction
Gentle conveying

Non-fluidisable powders, fine to
coarse bulk material

FLUID-SPLIT®
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coperion

Pneumatic Conveying

Type of gas
« Air
+ Nitrogen

« others

Gas velocity
VoV % 3600
= — = — %

v A d?-m

— mass flow
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Design of Conveying Systems (coperion

Pressure Drop as a Result of Various Parameters

Plant out

Length W\Q

e Diameter

e Hej @
er of bends and
ype of bends

e Product feeding

e Bulk density

e Particle density I K@K e No. of diverter valves

e Particle hardness @ e Closed/open loop

e Moisture content Operatl n @ e Pipe friction
Additivé (e.g- Tubri a‘ @gi suty

locity

Product
e Temperature

e Particle size /
Particle size distribution

e Product friction '

e Pipe friction

e Product/gas ratio
o Conveying gas temperature
o Capacity
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Design of Conveying Systems coperion

=@&L@@Ap|§ + Apr t* Apy t+ Apg  t+ APgther

@ Acceleration Friction of Elevation Acceleration  Cyclone
friction atpickup  product invertical after bends (or filter)

pipe

—_—
—_———
—_—
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Conveying Modes

* Video: https://www.youtube.com/watch?v=48VxWo gpMA

onveying with %@

A\
Appllcatlons @K %

. Pelle@’@;
a particle shape:

\} - 10 mm

narrow PSD
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CONVEYING PRESSURE [Ap]

|

I

o

-

e

A IR P T S e L

— a— —"J-?'ﬁla =

w -
Coperion Technology Updite 2025 TERMINAL veu.ocrrv 'OF CONVEYING GAS vl ‘—w e

s LT~ e~k i, ST P\"L.J < B —



Design of Pneumatic Conveying Systems coperion

Design Parameters

. e|ablefunct|on I%W\Q

depending on product type and properties, conveying pi etric, op guara nt
. \% |mpact on

« Conveying pressure

) ) i roduct quality and
« Air volume, air velocity P quality

keep minimum and maxin creation of fines dust /
streamers

» Economical solution (low
investment and operating

cost)
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Design of Pneumatic Conveying Systems

Pressure Drop Dependencies

* Density

* Bulk Density
* Temperature
 Particle Size

» Particle Size Distribution
* Shape

*  Humidity

 Elasticity

e Addi
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S,
[ as Density

:::::
ooooo

Operaticn
\\"

Product to air ratio
Gas Temperature
Product temperature
Capacity

 Pj @@gfer
P@ aterial

eoperion

Height

# of Bends

Type of Bends

# of Diverter Valves

Product Feed

Filter / Cyclone

Open / Closed System
Suction / Pressure Conveying
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Conveying Modes

Lean-Phase Conveying/
FLUIDLEAN®

* High gas velocity v =25-40 m/s

Low solids loading p = 1- 10
Low specific pressure drop
Pressure range Ap = 0.1 - 1.5 bar

Bulk material in suspension flo
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coperion

Strand Conveying/ FLU FT®
* Gasvelocity v=15-3

OW gas veIOC|ty @ 1

. H|gh solids 3 p =10-50
drop

gure range Ap = 0.5 -6 bar

. Bulk material concentrated in plugs
(“Plug conveying”)

» Greater solids loady

« Self-acting formation of the plugs
(CONTI-SCHUB®,

§ Q « Artificial plug formation may be
|

ng strands with reduced necessary (TAKT-SCHUB®)
fr|ct|on

» Water injection into conveying air
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Pellet Convey at Throughput coperion

Limits of P ti i @
220 IMITS O neumatic (\:gveyln/g/_\

200 N A\ K%@\Q

>\120 . N3M
’§1oo =
2 /80
S(ed ) |
)N
c OV

0 200 400 600 800 1000 1200
Conveying distance [m]
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Design of Pneumatic Conveying Systems coperion

« Full size conveying systems (up to DN200) for investigating pneur@c conve
in dilute phase / dense phase including impact forces

« Conveying can be done with different feeding devices

ence on conveyin% @@

city/tests of rotary valves K

of\fines crea@o@@@%on pipe materials / surfaces / with different bend types

Q!
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