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ADHESIVERZSS OF POWD:2S, AND ITS APPLICATION
IN THE DETERMI!A”TOR OF GRAIN SIZE
oy
Prof. Dr. E. Crauner, Ir. F. Conrad, T. Kraus
Institute of Physical Chemisiry of the University of Innsbruck

Anzevaniie Cheamie, Vol 64, 1952
No 1, pp 1C0=11.

The adhesion of powders to & colid base is determined, in addition
o the gein size, also by a coastani which is characteristic of the

material,
E IO 3

A plate covered with powder rnioy be inclined up to a given angle
wien the powder slides off by iicell, as a whole, and all at once., Fig.l
saows the force parallelogram wicre at the moment of sliding off,

X=1 (1)

Oa the basis of the classical Covlomb theory of adhesive friction L is
equal to the frictional force R, and

R =ﬂQN =/Lt_. . g . COC j"l (2)

(where u = coefficient of friection, g = acceleration due to gravity,
B = mass of powder). As can be seen from the figure,

Kim.g.sinne (3)
thus wo get from (1), (2) and (3):
noeg -Sint'i= Mot o B o COSLY %)
and {roa tals,
o = ton g (5)
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. ‘he thickness of the powder laycr
on the ylate, there is obtainec "cr m . g . cosy andm . g . sin¢
a whole saries of values which, -Zhea plotted against each other, give 2
strsight line passing through the origin and having & slope o .(3)

then m is varied by charg .«

Fiz.l

Fig.2 shews such a series of measuraments for dolemite powder
of relatively large grain size in which, as is seen, conditions (&) and
(5) are satisfied.
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Fig.2
Dolomite Powder, 400 to 500 . 10=% em

In the case of fine=grain material, however, the behavior is re=
presentud by Fig.3. The values again lie on & straight line which,
bowever, does not pass through the origin but intersects fhe ordinate
st a given height H. Sence, in this case, instead of Eq.(4), we must
write:

il

n.z.sinff ,4,...m..g.cos(f)+ H (6)

or
L = &+H

(1) CZ. F. Conrad, E. Cremer and T.Kraus, Redex Runchau (Radex Review)
1951 (in press), as well as the discussion of adhesive fraction in H,

Dongndt, Z.Ver.Disch,.Ing, 80, 82. (1935) and the literature cited therein.
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Yuwe there arises, in additilon to the friction, also an adhosive force.H. P } ‘
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Fig.3. m !
Dolomite Powder, 75 to 88 , 107 om :

of inclination riscs above 90°. Thc limiting value of m at which the ,
powder ‘ust slips off at 90° is calculated from (6) by substituting 90°
for ¢ 3

In the case ol a sufficiently small amount of powder the angle '
|
nm= H / e (7) !

{

In this way the significance of i cccomes very clear: H is a measure |
of the roximum amount (m) which ..oy czdhere to the plate when the latter i
is rotated by 90°, without falli.g cff, |

The adhesive force is invsrsely proportional {o the grain dise
noter d (cf. last column of the Tatle)., Further, H is proportional to
swiace area F, so that

Hah ., (7/2) (8)

whore h, whose dimension 1s that of surface tension (dyn/cm), is de=
noted &s adhesive stress,

Tho adhesive force H defined according to (8) also contains r, an
instrument constants This may be avoided when total mass m of the powder
is repliccd by mass my, the average mass of a grain in contact with the
surface. Then,

mp = (m . acy/r,

and Bq. (6) acquires the form:
Bg of o sim(= se B o B o cOB(L+ Hyo
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The corvesponding ads
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vhich no lcnger conteins the ter: -
first for.ulation since it contai::
direstly in the experiment.

. 107% e

0.99. The following table gives

naza
powaers

Using deienito sowder

m groia dicmelber, the woliu:

s bzl

anens

csive force for one grain is thens

. We have, howevor, prefericd {ae
ohly the two values n and :(‘) neaced

srain sizes

i 7
2
o

zf the adhesive
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L tafte HY' & 2

Material }Korngmsc o ' , ‘;i,—‘»,;ti ¥ S Hed

) . ' I

&[1110 cm [ayn) =5
Magnesit l 200—300 | Ol \2,m4 100 30007 28
' 150 —~200 s i LG QN0 2.8
88—15 | » 2350 83:0,80 2.8
f 588 A0 1160 0,950 2,7
| 80— 75 | , 40 16w 1,140 3,2
{ 200—300 | Maguess 4% 100 2000720 2,5
[ 150—200 ' 1490 400,70, 2,5
88150 " . 210, 601072 25
i 15— 88 " . 3101 891072 25
I 60— 15 " 1360 103.0,70; 2,4
l 200~300 | Nickc: 3m0) 1037 2710601 2,6
, 150—200 | ;1607 35,059 2,6
88—150 | . L 220, 57 ; 0,65 2,6
75— 88 ; " 13207 841068 2,6
60— 75 | " ; 390 102| 0,690 2,6

@ Abgebauter Magnesit, Abbautc:i; crutur 500°C! i ‘
' 150——2001 Glas (2.84) 40, 141025} 07
) 60— 75 " D105 371025 0,7

i i
@ 4 Abbauteinperatur 800° C| i

150—200 | Glas {2,84) 55{ 10.0,34, 1,0
60-= 15 " 140! 491'0,33; 1,0

@ Hametag-Elsenpulver . | ; |
100—180 | Glas {2,04) >, — |- [
60—120 ! so! 28023 06
<60 ., 2000 102, - | —
180-200 | Nickel [J,nJ. 150 4 ; 0,071 0,2
| 100-=150 " 200 5,006 02
: 60~100 . 30 8{006 02
<60 . 1o 2900 — -

] i ]

f _\Molyb »Puh/cr ( : . .

S H i
1" MolyDe a0y, 14000 350 0,38 1,5
; 1,8 . 16100 }1525 0,38 | 1,5

Tabls 1

1) Decc. rosition Temperature 2)
& Adhesive Strcss 6) Glass

Forco

Temperaturo 5909C. 8) Hametag Iron Powior 9) Molybdenwa Powder 10) Molybdenws

Griln Size

75-88 ,10% cn and 1502200
siress obiaincd was

. »csume of the resulic obtained with

=:te powdors, decomposed maznesite as well &s iroa= and molybdomuu

3) Support &) Adhosive

7) Decouposed Magnesite, Decc:jositicn

[For footnotes %) and 3) in Table, seeo next page].
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Eecccuse of the cipendonce of the ...i:sive force on particle diamclcr, showm

‘n tae J.ast columa of the tible, . .o zossible to dotcrmine the partiile
diazotel of a powder from the ac :i.ve force, when the adhesive sticss
is krown,

Ia tho cuSe of a mixture of two nouders of whieh cr: bchaves
in aceordanco with Coulemb's wncoram of friction (Fig.2) (= roneccacsive
~owden), and the other possesscs an acicsive fores (= adhesive pouder),
the adhesive force resulting upon mixture is shoun in Fig.lk; this adhesive
force is very closce to that calculated from the percentual composition
oZ the adhesive powdor. In this case one can determine only an uppor limit
L0r wid JasrtiCle Glawevar of the adhesive rowder.

0 10030 40 . 5T 90 W0kr56810
10090 80 0 60 -« 720 10 (%00385)¢m
(w3963 O—M/;;;hung:x-a"/u} s ————-f\: \ .

Fig.tte Aluosive Force in the Cacu " Mixtures of Adhesive and NoneAchesive
Dolomite Powder. i, Adhesive Force
2) Composition of Mixture

T10 behavior of a mixture of =io achesive powders is different.
Eere tho mecsured adhesive foro: .-i.os with that celeulated aftor Eq.(8)
uithin tae accuracy of moasures.:.t (Jcr d in thls case wo use the average
groin dimeter calculated accoriing o the rule of mixtures)(Fig.5).
This agracuent is of great preocticel significance, since the pouders one
countered in prectico are almes: nuver of uniform particle size, Indce
pordenily of the distribution fun:iion present, one obtains from o
sdhosive for.o tho true avarage ;article diameter. In the case of powders
containiaz very fine portions (zrain dizmeter a few .. ) it may happen
that tho co.rdor grains are to a cortain extent "frosted" with a very
tightly schering layer of very fine particles, In this case the achezive

(2) Sinca the size of the indivicually uged slide surfaces wore difforent,

we alse entorcd in the Table ths value H/F (adhesive force per uait surface)

5o &5 to obtain comparative H valuss.

(37 The baso vsed wus & compresscd magnesite brigquet <60 . 107 ca. Come
prossion pr ..ure was 6,000 kg/mz.




foree gives the grain size of 1. : . .. zarticle, since it 1s thous that
wre in contact with the base ail ©  :2isive for the ochesivernoss.
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Fiz.5. Achesive Force in the Case of Mixtures of Two Lliccive
Hagnesiio Powders. 1) Moasured 2) Caleculatod 3) Adhesive
Force &) Cumposition of Misxture

Bperinental

Tho pouwler layer should a: all points be cquzlly thick and -.o
surlice o3 even as possibles This is best accomplished by means of ¢
undilora cppidication of powdor theouzh & sieve (powder layers wauich .'a
evened e.g. by pressing with & .ot sbject, do not achere). By ciolication
of layers of cifferent thicknesc : - ray be readily varicd and sube

soquantly cete.mined accurctely = ighing in a8 small weiphing dich.

The currespyonding sliding angle 5 reaa off by means of a protracticr,
Eetwoon individual measwrement: . ouncution support is clesned as wall
a8 possible in a dry - manner (fc 2ple, brushing). Changes in ctioe
gpnoric humddity may bring abov. . .tuztions in the moasurod values of

E, but apart from extrese humic: , .:vels these fluctustions are,
sccording to our exporizents per s ..d so far, never so great 4«3 1o luzd
to substantdal errors in tho det-rnmi-ation of grain size.

Swzmary

- The adhesion of a powder _s trought about, in addition to frictien,
8lco by an adhesive force H whic: i: inversely propertional to grain
diametor, The proportiorality fc:toxh is a material constant characteristic
of a given powder/foundation sys..., and has the dimension of surfice
tension. Whon h is known, the av.xsje grain dimmeter of powders of une
known grain sice may be determin.z oy adhesion measurements.
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