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I. Sack, KDT, ?re iberg*

IPOOT ROTE: • Ing. Rudolf Sack is a group leader technician in the

safet y engineering depart.ent of th. 718 Chenica]. Coabine Bitterfe ld .

RID POOTIOTE)

The 718 Chesical Coabins Ditterfeld, asong other things , is

vorkiag on safety engineering çrobl.as of the electrostatic

excitabilit y of flowing dust/air •ixturss Tb . first resul ts have

bean published in the paper, “Electrostatic Excitabilit y of Dusts,”

1 1].

For whirled-up dusts and dusts which slid, along the walls the
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laboratory results were tranaferabi. to practical conditions; this
was not possible, however, for flowing dust/air aixtures. First of
al]. the following questions had to be clarified :

— What is the dependence betweea the charging current ,

respect ively, the excess charg e and the tube length?

— What are the causes for the unexpected shape of the cha rging
cutv.s7

— What is the relationship between the excess charge and the
tube diaaetsr?

For answering the first two questions a section of tubing was

constructed uith a length of ~ asters aid ibich consisted of

individual pieces of tubing. Tests were conducted in the tube with

loss. asteria ls.

The third question could be clarified without supple aen tary

experti satal tosts.

Tb. new flow .gui pu.nt which diffecs fro, that described in 1 1 )
cousist.d of the air storage, dosing apparatus, the ;—a long exc iter
tube sad the dust catcher, Tb. air storage and accessor ies remained
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unchanged. The dosing apparatu s, bo ever, was changed so that the

loose naterial to be studied van distributed through the intake pipe

into the air nozzle. Thus more precise dosing was possible.

The *~a long exciter tube was coaposed of 12 pieces of tube  wit h

the following lengths: 5, 5, 10, 10, 20 ci and 7 sections of t ube ,
each 50 cm long. All tubing pieces were Copper and had an inne r

diameter of 3* n. They were put tog.ther with ETC sleeves. The

charges arising in the dust could be measured on each piece of

tubing. Tb. dust catcher rea*i ned unchanged.

The design of the test setup is shown schemat ically in Fi g. 1.
All pieces of tubi ng were electrostatically insulated from eac h other

and Iron the ground, a .~ lou g.

Tb. tests were conducted with powdered quartz and granula ted

PVC. Rhe gra nulated ~vc vs. sieved and divided into the following
fractions:

Grain size ) 1.0 mm , 1.0— O.~ 3 me, 0.*3—0.5 mm and ( 0.5 a..

Is all, test runs the air speeds were eith er *0. 5, 33, 22.5 or 11

s/s. Tb. added quantities of aater ial had a volum , of 1.5, 3, 6 or 9

can.

ii
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In •very test the flow tim. of the air was 1.6 s. The determined I

measured val ues have been converted into the charg ing current 7,4 in
A or into the specific excess charge g in *5/g.

TEST RESULTS

Pig. 2 shows the charging curves far pcudeted quartz (specific

excess charge q in As/g) with v ~ 2 2 5  1/0 and for various dust

concentrations. Fron the chargin g curves the orig ination of the

charge wit h resp.ct to tb. cha rge size and polarity can be fol lowed

exactly. Charging curves with approxinately the same shape resulted

during all ot her invest igated air speeds.

If One plots the charging current as a function of the dust

: 
concentration one obtains charging curvqs in accordance with Fig. 3.

Fjg. * shows the dependence of the charging current on the flow

sp.ed of the air. Figs. 5—8 show the charging curves (specific excess

charge g in A$f~ for the various grain tract ions of the granulated
PVC. They show the values of the specific excess charges on the

individual pieces of tubi ng and how the irregular shape of the

charging car ves arises. In order to h u t  test expenditure on]. y a
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Fig. 1. Diagram of the test setup for flowing d ust/air mixtures; a)
air storage, b) air nozzle; c~ exciter tube; d) dust catcher; e) dust

input.

- -

Pig. 2. Specific •~cC~i chargess of flowing powdered quartz/airmixtures depending on the tube l ngtb ; q t (tube length); Constant:
v — 22.5 m~9s; tub.: Cu, 3*—mm diameter ; a) parameter:. dust
coacentratios 

4~~ 
; h) q discret, 05 individual tube Sections for e 

- 

-

— *0 f/li . ((UT 1) Tube length.))
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Pig. 3. Charging current of flowing powdered quartz/air mixtures with

various d ust concentrations;;.p(c3.~~ parameter: v; constant; tub e

1.agth — S a; tee: Ca, 3*—a . dia.et r.
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Pig. . Loading current of flowing powdered quartz/air mixture s with

vario us f low v~.1ocities; .7~iP ( ~)  ; paraneter: e~ . ; constant: tube

length • S a; t~~s: Cu, 3*—a. dtaaet.r.
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Pig. S. Specific ezc.ss charges of floviag granulated PVC , grain  size

( 0.5 an; g • f(tube length); constant: v • 22.5 a/a ; tube: Cu , 3*—mi

diameter; a) psra.et.r: dust concentration 
~~~~~~ 

; b) q discrete on the

individual tube sec tions for 4J/f Q~,’. ((U!: 1) Tu be length . ) )
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tube length of 150 cm was measured.

—
EVAL UATION 0? TEE TES T RE SDLTS

The size of the specific excess charges of the loose nateria l

during pseunatic transport is deternined mainly by the intensity and

the number of cont acts of the dust particles with the tube wal l .  The

100. . material which is strongly whirled up in the nozzle is

transported through the tube and initially makes fre quent contact

with the tube wall. After a certain di stance the  partic les contact

the tube vail increasingly less frequently and the excess charge

becomes less p.r unit of tube length.

Is can be seen from Pigs. 2, 5 and 6 the polarity of the excess

char g. of stro ngly turbulent flowing ices. material/air mi xtures and

of approzi metely laminar flows of the same mixtures can be opposite.

Th er efor , the char ging cur ves acquire as irregula r shape.

In th, case of powdered quartz (Fig. 2) the lar gest negative

excess cha rg es occur in the first 10 cm of the tube. Afterwards,

positive excess charges are formed. The largest value of excess

charge is measured at 10 ci.

Af ter 100 cm the total excess charge changes only slightly and
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Fig. 6. Specific excess charges of flowing granulated pvc, grain size
fros 0.5-0.65 mm ; g • f(tub. length); constant: v = 22. 5 a/s; tube:
Cu, 3*—ai dia meter; a) parameter : dust concentration ‘~~~, ; b) q
discrete on the individual tube sect ions for ,i’~~~ t ((xyl: 1) Tube
length.)) 
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Pig. 7. Specific •zcess cha rges of flowing granulated PVC, grain Size

fro. 1.0-0.63 am; q * f (tubs length); constant: v 22.5 n/s; tube:
Ce, 3*— ms diameter; a) parameter: d ust concentration ~~ ; b) q

discret. on the individua l tube sections for ~~~~~~~~ ( ( K F Y : 1) Tube
length.))
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renains negative.

La the case of granulated PVC the excess charge following the

whirling up of the material at the beginning of the tube depends on

its fineness. Pime— grained material is easily whirled up and because

of its high surface area per unit of weight it shows high excess

charges wit h greatly differing polarity (Pigs. 5 and 6) .

Large—grained material (p igs. 7 and 8) cannot be whirled u~ as

easily and therefore shows smaller excess charges and no change in

polarity. The largest val ues of excess cha r ges we re displa yed in tube

lengths froa 10 to 50 cm.

In the case of fine—grained granulated PVC the excess charge

changes noticeably even with tub. lengths greater than I a. In

contrast, with large-grained granulated PVC from 50 cm on change can

no longer be determined.

If one observes the chargin g currents independently from the

tube length then a dependence arises on dust concentration. In Fig. 3

th. charging curves show that for every flow velocity there arises a

maximum at a certain dust concentration. This fac t was also shown

during tests with 20—ca long exciter tubes which are described in

[13 The dust concentration which produces a maximum of the chargin g 
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Pig. 8. Specifi c excess cha rges of flowing gr anul ated P V C with a
grain size > 1.0 ma; q • f(tube length); constant: v 22.5 •/s;
tube: Cu, 34—n. diamet er; a) paraneter : dus t coacentrat ion 

~~~~~~~, 
; b) q

discr ete on the individu al tub e sections f  or ~~~~~~~~~~~~~~~~~~~~~~~ ( ( K E y : 1) Tube
length.))
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current, in combination with the flow velocity seems to sake possible

optimum conditions for charging the particles.

With a high flow velocity this charging condition of the

particles, i.e., the charging maximum, is achieved even with  icy dust

concentrations. With decreasing flow velocity the charging maximum is

shifted tomard higher dust concentrations.

The sbap of the charging curves as a function of the f low

velocity depends on the  dust concentration. ~ig. 4 shows that with

small d ust concentrations the charging current rises sharply only

with great er flow velocities; with increasing dust concentration the

sharp charging rise begins with smaller flow velocities. Only if a

certain dust concentration is reached is it recognizable that there

is also a maximum of the specific excess charge. It occurs at a

certain flow velocity which depends on the dust concentration. Here

also the chsrgi ag maxim um is that state in which the optimum charging

of the dust particles results.

The obtained test results show unambiguously that the size of

th . specific excess charg . depends on the wall surface and the

contact possibiUty of the particles . Under the assumption of equal

dust concentratio n and flow conditions th. following relat ionship is

valid for the dependenc. of the specific excess char ge on the
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diameter of the tubs:

~~~~~ 
excess charge with tube diameter I

~~ excess charg e with tube diameter 2

d1 tube diamete r 1

d, tube diameter 2.

This linear depen dence, however, cannot be used for conve rsions
for practical situations because the technical flow conditions are

different with different tube diameters.

COUCLUSIOWS

Considerable elec trostati c charges arise in pipelines during the

pneumatic transp ort of loose mat er ial only if there is frequen t

contact of th. particles with the wall of th. pipe.

th is can occur when

— the loos, materials at. fed into the pneumatic system ( i npu t

5 -  — 5—-A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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point) ,

— bends , angles, branches , baffle s or sensors are built in to  the

pipelin, which inc rease the freqe.ncy of contact of the particles

with the pipe wall,

— the pipe has ro ugh sur f aces os the inside or if the pieces Of

pipe are not precisely titt.~d together .

In str aight pipes oily Insignificant electrostatic charges

occur.

Pine—grained materia ls become more highly charged tha n

course—grained materials . This can be attributed to the greater

surfac. per unit of weight for the fine—grained materials and their

better abi lity to f ly. Both factors , large surface area and good

ability to fly, •nhance contact intensity and frequency.

During pneumatic tramsport of loose material there arises a

chargiag maximum at a certain dust concentration depending on the

flow velocity. Through appropriate choice Cf dust concentration and

flow velocity th. electrostatic charges can be minimized. This,

however , requires tests in the technical insta llations , at least on

sedela. temp.. laboratory apparatus with the pa ra meters recommende d

PTD—ID(RS)I—].572—76
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at th, end of this paper.

the dspendeace of th. chargin g of the loos, materials on the

pipe diameter is consider ed to be linear. This fact, howe ver, cannot
be used for converting the excess charges because the flow conditions
have a m uch greater effect on the contact frequency of the particles
with the wal l than doss t he pipe diameter , reap., the size of the
pipe wall surface.

• The largest specific exces. charges on locse materials arise
after the vhirliaq up of the materials in pipes with lengt hs of from
5—SO ci.

It is possible to ash. iaf.resc.a about th. electrostatic
behavior of flowing loose material. in t cbai cal installations if,
for exa mple, th. labora tory teat s ar e cqadvcted in an appa r atus w i t h
the following parameter. :

Excite r tubs: coppe r tu be, 34 mm inaej de diame te r and tube piece
lengths 5, 5, 10, 20, 50 and SO cm;

j P b .  velocity : 11, 22, 33 and *0 m/s;

Amoun t of dust; 1.5, 3, 6 and 9 cm’;

H t j
FTD ID(RS) I— 157 2 — 7 6
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plo, tine: 1.4 s. The values obtained with the named

para meters should be approp riatel y eva luated as follows:

g — f (pipe length)

g f (v) , reap. , ~~~~~~~~~~ -

q • t(C .) • resp.,. f ( c .~g)

This evaluation makes possible a summary of the electrostatic

conditions to be expected during the pneumatic transport of loose
material through pipelines in technical installations.
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