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ADHESIVENSS OF POWD2., AD ITS APPLICATION

IN THE DETI:i.:"--ON OF GRAIN SIZE

Prof. Dr. E. Craer, Dr. F. Conrad, T. Kraus

Institute of Physical Cheistry of the Univers.ty of Innsbruck

.- an...te hcn ie, Vol 64, 1932

Na 1, pp 10-11.

The adhesion of powders to a solid base is determined, in addition
to the g::ein size, also by a constant which is characteristic of the
material.

A plate covered with powd: zf-ry be inclined up to a given angle
when the powder slides off by it aLf, as a whole, and all at once. Fig.1
shows tho force parallelogram whcze at the moment of sliding off,

= L (1)

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

R AN m-g . co : (2)

(where A. = coefficient of friction, g = acceleration due to gravity,
m a mass Qf powder). As can be seen from the figure,

K M . sin . (3)

thus we got from (1). (2) and (3):

and from this,

tan(
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"then m is varied by char, .,. thn thickness of the powder layor
on the plate, there is obtained ocr x . g # cos " andre . g . sin
a whole series of values which, -a:a plotted against each other, give a
strci~ht line passing through tho origin and having a slope , .(:)

'Ak

Fi- .1

Ag.2 sho-ws such a series of neasurements for doloIte powder
of relatively large grain size in which, as is seen, conditions (4) and
(5) are satisfied.
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Fig.2

Dolomite Powder, 400 to 500 . 10- 4 cm

In the case of fine-grain material, however, the behaavior is re-
presented by Fig.3. The values again lie on a straight line which,
however, does not pass through the origin but intersects the ordinate
at a given height H. Aenoe, in this case, instead of Eq.(4), we must
writes

M .g . sin , ... g . cos + H (6)

or
L I a+H.

() '. Conrad, E. Cramer and T.Kraus, Radex Run hau (Radex Review)
1951 (in press), as well as the discussion of adhesive friction in H.
Donandt, Z.Ver.Dtsch.Inx. 80, 82" (1936) and the literature cited therein.
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Zf.. there arises, in additi cn to the friction, also an adhesive forco.H.
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Dolomite Powder, 75 to 88 . 10 cm

In the case c- a sufficie: ty small amount of powder the anle
of inci.nation risca above 900. Thc limiting value of m at which the
powder lust slips off at 900 is calculated from (6) by substituting 90
for

m= H/ (7)

In this way the significance of i b-omes very clear: H is a measure
of the raximum amount (m) which .-y Ldhere to the plate when the latter
is rotated by 900, without falli.;Z off.

The adhesive force is invursely proportional to the grain dia-
rioter d (of. last column of the iablo). Further, H is proportional to
surface area F, so that

H b. (/d) (8)

whore h, whose dimension is that of surface tension (dyn/om), is de.
noted a adhesive stress.

The adhesive force H defined according to (8) also contains F, an
instrument constant; This may be avoided when total mass m of the powder
is replocd by mass mK, the average mass of a grain in oontact with the
surface. Then,

K (m . d2 i .

and S. (6) acquires the form,

SMK eg . $iU MIC 0~ 9 a oaf+ BKC.



The cor 'e~ondlnZ ac'.ive force for one grain is then:

:hiach no longer c ..tain; the tc.. 2, Ws have, howevor, preforrcd t1
fi'at fol...'ulation sin.ce it conta.-:4:J c-ray the two valuos m and i m z.-cd
41&re-tijy in the experimont.

Usinz doic.ito ndolds Iz. -rain sizes 75-88 .10-' 150-200
10- 4 cm ra zm d e-, the f the adhesive stroes obtaied

0.99. The following table gives s une of tke result" obtained with
rna=: .te powdors. decomposed magne3Ate as well as iroa. and molybdon=

at¢l Korngr~ ~ LH-d. hh: -

[11llO_,cm i "X:rv

Magnesit 200-300 1. N.j; 39€ : " 0.,97 2,8
150-200 .,. i ,6 0,99 2,s
88-I5 , K:5 ,i 0,99 2,8
75- 88 ,,1; 16 0.95 2,7
60 - 75 ,,161 -! 1,14 3,2

20,00g., - lo; ") 0,72 2,5
150o-200 14 ,,4;.0' 0,70 2,5
88-150 ,,2:0 N'o 0,72 2,5
75- 8 , 3;0 h 9! 0,72 2,5
60- 5 , 3601 103 .0,70 2,4

200-300 Nic;i(; 3,. ) 105 27 0,69 2,6
150-200 ' ,150 35 0,59 2,6
88-150 220 57" 0,66 2,6
75- 88 320 84 !0,68 2,6
60--75 ,, 39G 102 i0,69 2,6

Abgcbautat Magnesit, Abbautc:,,; cr.aur 5000 C

S150-200 ! a ( -.84) 40 14 i0,25 0,7
o- 75 , 105, 37 0,25 0,7

) -- Abbautt.;;ye ratur 8 W0 C1 =

150-200 Glas .:,,I 55 10,; 0,34 1,0
-- i o- 75 , 140 40'o 1,0

100-150 Glas {.. i > U - - -
' 60-150 ., 0 26 I0,23 10, 6

< 10 
60

--0 TO, 102 -- -

10 20 Nifckel 1j,",3 15 4 0,07 10,2
io0--15o0 , 20 5 0.0 ,o 2,

S<60 1 29G ;z- -
@ , toly'.,,pulver i

I It ,o1 , 1 ,, 1 400 350 0.3s 1,5

1) Decc.1031ion T.-perature 2) Cr~in Size 3) Support 4) Adhozive
Force ,d;:hosiva Strc. s 0) Glass 7) Decomposed Y~gneulte, Decr.=ozittom
T=Wa&ture 0°C. 8) Hametag Iron P3%. or 9) Mblybdoa= Powder lo) MolybdenjuL

[For footzmt" 2) an 3) in Table, see next Pago].

pow~c~*



Ecc -=e 1-f the c-2endonce of th. force on ,.rticlo dici, .otz.

in ]e ]..;t coluta of -.he tb 'zasible to dotcrmine the parti .le
dizot ' of a powder from the ac- : force, when the adhesive stross
is knoi.

In the case of a mixture of two r.oi:dcrs of tihic.. z.- oh=-es
in cordn .th CoUlenb': -Lncorcm of friction (Fig.2) (= r.n-c-~sive

atdi the oth.er pozsesscz an adhosive force ( adhesivc po :dr),
the adho;ive force r sultinj upon mixture is shown in F_,-.4; this adhesive
force is vcry close to that calculated from the percentual composition
of the adhesive powd-or. In this case one can determine only an upper limit

I o i.~ i &a of tha -3u- ~der.

200~
I.

0 10 ?0 30 O j i 7S.9%Z88 ;0~
100 0O JO 70 60 23 10 '.ZQ/333-O3 O CM2g ,

Fig.4. A osive Force in the Ca.. c.- Mixtures of Adhesive and Non-Adhesive
Dolomite Powder. 1) Adhesive Force

2) Compotin of ,-lixturo

Tie behavior of a mixture af "-.-o adhesive powdars is diffore.nt.

Hare tho measured adhesive foro: -.-- 'with that calculated after Lq.(8)
within t"o accuracy of moa"urm.. -2cr d in this caze we use the avorage
grain di.meter calculated according t;3 the rule of mixtures)(Fig.5).
This aar3"ont is of great pract. c-C sigCnificance, since the powders on-
countered in practico are almos . :&Avr of uniform particle size. 1Ind-
pondo:t' of the distribution fcvn, . ion present, one obtains from t2o
adhezive for, the true average d t1e diameter. In the case of powdors
containia: very fine portions (,, iamt a ew ,. ) it may happen
that t e co"rsor grains are to a cortain extent "frosted" with a vry
tightly aorirn; layer of very fine partiales. In this case the adhoive

(Z) Sinc the size of the irdividually usod slide surfaces wore difforent,
we aczo entered in the Table ths vn.ue H/F (adhssive force per unit surrace*)
so QZ to obtain Comparative H "e laes.

( 3' 'o base used wus a cczpr*s3$Kd magnesit briquet<60 10-c Co.
proasion : .,.ure was 6,00,0 kg/ 2 to.



forco givcz the grain size of il ....'ticle, since it is thGo. tha.t
uro in :ontect with the base aa:C . v for the 44hesivnosz.

',00r "/"0 -

-J 300-

o '0 20 1 ,0 .90 16%60-75 !,O- G
100 390 60 7.9 5 Ij 23 1 1 O27S3 -20 j.CM

F$.5. Adhesive Force in the Case of Mixtures of T.o L~cziv.
:aSgne'o6 Powdcrs. 1) ,asurd 2) Calcua2.aod 3) ACAIezivo

Foreo 4) C~mposition of Yt:,-ure

ie..enthl

7ho px.Aor layer should a'; all points be equally thick Anr_.-
su'ace as even as possible. Thi.; i3 best accomplished by m,- of a
un± o.u cpplication of powder .'oh a sieve (powder layers wh .ch -:a
evened e.g. by pressinj with a f.at :bjee.t, do not adhere). By a:AIcotion
of layers of different thioknesc , ay be readily varied and aub-
soquantly cdte:ined accur.:tl y igh-in in a small weighinZ dish.
The crres-onding sliding angl l r,.4 off by means of a protractcr.
Eetwoon individual measircnent= our.&'ation support is cleaned as w.;ll
a. porsible in a dry" m-rer (f( :.plo, b:rushing). Changes in at-0-
sthorio himidity may bring abot - _tuation: in the measured values of
K, but apart from extreme humid- y ..vols these fluctuations are,
aocording to our expori=onts pte* .- d so far. never so Creat As to I.d
to subazanti1 errors in the det ,i.ation of grain site.

Su~ary

7he aoCesion of a powder -,3 *z-ought about, in addition to friction,
a o by an adhesive force H whic.. i- inversely proportional to Grain
diametor. The proportiorality f -toz, h i.s a material constant characteristic
of a given powder/found.tion z .. , and has the dimension of &urfLco
tension. Whon h is known, the avr;ae grain diameter of powders of u.-
knowa grain sit* may be determin. d by adhesion measurements.
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