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A New Comprehensive Look at Size Reduction

Technology and its Equipment,

Youngll Mok and Bang Sam Park

Hongneung Machine Industry Co.

Abstract

This report is intended to give the readers a comprehensive look at the state of the art of size
reduction technology, with particular attention on how to go about selecting right equipment and
making the best use of existing equipment in order to achieve ‘given service requirements. Much
of the up-to-date information has been presented herein in the form of tables which include
manufacturers’ lists of various operational and “analytical equipment. In the course of fulfilling this
aim, relavent concepts, methods and classifications, both new and old, are introduced wherever

appropriate to relate theoretical aspects to practical applications.

B % 3.2 mHR A% 4
1. Fif 3.2.1 KABEE
2. MWEHS BE 3.2.2 KiEHe S8

2.1 ¥Reoll A3 HFEY wHE 3.3 SEEEE

2.2 BHEREY] BEE BHR
2.3 BiERER HHE
2.4 BED #iHS] KR

. KIEERIE

4.1 BERE = REY ¥E
4.2 BRI

 WTEY M 4.3 REte) o
3.1 Al 9% 58 4.4 SHHIE
3.1.1 AR 4.5 S irikd
3.1.2 &8 ¥ B% 4.6 R
3.1.3 ¥FY @& .
3. 1.4 ZmERe 58 2EH

WHAHAK KONGHAK Vol. 15, No. 6, December 1977



1L F &

SEd BT HAPEE 2 A% =49
Mige A4 AHEHE A, AfdA 18
o TESEF olzrzlA] Az HolFezm
FEbtE or o BHE choksich, webA B
49 BE TESEFAA MR T8, ¥
B Fo4d dAsiAEs A4 42 dezz ¢
< Aotk g7v dE AF T ﬁt Azg-
(LB /Aesx, J& AEFEE oS #
M RS 273tz glor o] rﬂr% Azg
TAHY oAl Wigsta gl

olg gt 7l&Ael A9 AulA FAEAE T
A3 ool BKEEHE old wEezn FES
o WS TP Zlolr, BEd ®WES R
3 wheow vl wA FUd KRS KTFRHOER
S¥Est T o2 REY HES o= Wgs &
EE A7t k= Aol

zev B3 B HREEdES AR = ¢
AT HRM el #arsel Arrte Ad
& E3tod A48 Ao ZA &Itz UALE
HRE  drh. "deiA A BERSFY
o ]2 B AARce g4 RN
gl Hol A Bl=A #HFstate A
= HgE BEE oA A4z gt T
o224 B/ D THFIEAA Do Hilw
ol zetel 2 fRgtez AAFzA Fro] k3L
<] H#gol H A

2. MEEH EE

“%l’-‘i.’zi ZIAAQ A kel oA

0] 23 ¥k Crushing, Grinding, Deaggl-
omerating, Shredding, Pulverizing ¥ Cutting
o Sk BE BMHFIES Ui Aoz
BHLES 53td 448 AF9 WinEEs
2 3R 288 BE AME 59 A
deth, 2019 BEe QA B A &
He HREEE e WK ot 9
Ao A2 FRAFY] 8 42 7€ AF

21238 HI15A 6= 19774 128

o NE o8 BT KiEe] 27 o8 B
e AR HEY JAESEE 2 E 2 L
Asted 20,000 ft/min &) 3A Fxo oz &

= e,

@9 A% wEEe wAdte 2d BEEG
AdE 2 2] WEES Ao RS U
W EwEel 9AE Rt £5E Wi
JJerOﬂ/ﬂ oS- AlZbA M ez BETS B

HAE #ES F I,

1) Kick o 3 : 22 iz 943 |
Z pested prEs e 99 B SIAEN
& 27l FEse

W=C Iog—%;—
Wi piEY
D:/D, : ¥k

ii) Rittinger o] W3 : el 208w 29 &

o WEE BB HFEE R e,

W=C'(S,— )

A7A S = HEER#e] HERmH
2

s=(5) (55)

e W=C(pr= o)

K, : Specific surface shape factor
A7) $Ae Qusstel dw=—2Ds
et
i) Bood ] W3 ¢ BT U B KT
A7 AFTol GuiH st hERFY A S
of wlal gt
2} o] WA Ee] ofd AEES FoiAl KL
9 pREE wwsts SEEAS dAf] He
AL o, Vet ofd AstE Agsted =
go] AL Aol
w2bA MRS A Asts TACAE o4
13—4 AN BEAHERE BEARS e
7 A AR E B A9 ek
DM Seb HENE, BEREY 39 220
97 @il Ak KiE o &Y =24 W
AANE (4 B Holkw) e AT

gg & Yrkni 25 g




2.1 B0l nHet AEERl E*E

29 Ze ofF BHAEY 98 EF
b shinElel glgg A g 2AAE &
#3712 gt

1) @58 (Agglomerate) : 2714 3oz A
2 Bad dAE 5 EHEA 3 BE(E,
718), R &4, HEMY %R, Van der
Waals force, § =] galeviA] Foll <3A,

2) RS (Closed Circuit Pulverizing) : ¥
WL MRS A O (F& B £ Pk
i) = #irste 54, 78" & Bis oAy
g SIART)

3) #H¥# (Crushing) : 5IAKK] 80% 7} 1
inch @ o} & 799 MwfrE

4) ¥3#E(Grinding =¥ Milling) : 51 AEES
80% 7} linch ®r} 22 A 2% Sub-micron ¥
72 9] s £33

5) #%5#% (Pulverizing ¥+ Disintegrating) :
BER v V8 A ez AR 4A
A FAE M S A= F4.

6) ¥ (Particle Size) : B9 EFiol <X 3F
= 189 F4& 543t FAAY Aol =
g BES A% ZE A4S 99 EFg o
2y Aol HAA FEH A SEXCRHER
kY KT ol &k, mEka AE thE Ao
9 ﬁ?ffﬂ‘] gkl vt ks gebrloh
A A& d, a5 d, 2tz 3, e
i, % THhids €K & F Avh

am 1/n
a) Geometric Mean: (,;TE d;)

i=ds

&

b) Arithmetic Mean : 1 dZ:{] d;

n g
¢) Harmonic Mean : <1 di} ;)ﬂ

7) BRFURIEE (Limit Particle Size) : ¥ FEEY]
98 % 7t old Ir|uck A& A% o] A& R
Fprgels ghok,

8) Ei#i(Surface Area) : %0 weby &
# e WEsts WAl D}ED} & & og
2 7919 jigsel 9ty et BHE
S3al dttde] Fow B 4 geufzgey A :5-]\:!]-

435

o] Fg3}tc}

zEY £X Y RE®E A Asetd ®m
T AFHBES £A7 A & 3] 394
el 2 &, MILTY RXERE oFLd
EFE o oF gk,

9) #HFLAH (Pore Volume) : JHFE{FES AR
BFeE F2UFd &, 79, B (Cavity) S
o] &3 A7k o&Y R & Pore Vol-
ume o] 232 8, o] FHE HFEL zhe ZA)
e ZmRe] BEEQl Void Volume 7 7 3o
ofF g},

2.2 ®ipRE2 EE EX

TR Al Fol] wE AR MEEKE A4
37 Qe e ey 2A 245 S AT
go 7k A,

2.2.1. B

Y on HobA wtd ez AE BRkel sF
2 YL B Ao o, Eis
T2 pRestaalete 249 BREM KESH

ok ojebgtAl A F-4ARE {:H (Friability) 9
=49 3&@ P (Toughness) = MR (53) #HmuE
) T& el 3fe]oF g},
1Y) ﬁ%ﬁ

BEStZ A7) A4 E4 (Mobhs’ iz 8
~10) 2 A {E@ol FEEI LN v s
LFElTh, 4k Mohs” #E#E 1~ 3¢] g3}t
€ 42 mEe B%mE shseth. zeu
°l74 o] ZhAIv dulEo s old F3A]

o 2 Mohs’ Rl = WA X Eate A3
9] 73 4-(Vertical-Kilned) v W& BKE: &
Table 1. Mohs’ ERE35%

Talc
Soft—
Fluorite

1
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3
4
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6
7
8
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Topaz
Hard—<¢ 9 Corundum
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Table 2. Equipment Selection Guide
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Equipment Types

Material ; Coarse Intermediate Fine
\ (Down to 1/4 in.) (1/4 in. to 40 Mesh) (Under 40 Mesh)

Abrasives ahcefk beejklv kloruvw
Acetanilid dj ijklw klortuw
Alum dfk ijklvw kloruvw
Alumina abedefk ceijkly kloprtuvw
Aluminum f ij klnorw
Aluminum chloride d ijv ortuvw
Aluminum hydrate df ij ortuw
Aluminum palmitate d ij ortu
Aluminum silicate df ijkl klortuw
Aluminum stearate dt ijt ortuw
Aluminum sulfate dfj ijv ortuvw
Alundum abde eijkl klorvw
Ammonium bromide d ij ortu
Ammonium chloride dj iipv ortuv
Ammonium nitrate dj ijpv ortuv
Ammonium perchlorate d ij ortu
Ammonium sulfate dj ijpv kortuvw
Ammonium sulfite dj ij ortu
Antimony, metallic n jn knruw
Antimony, sulfide dk ijk koruw
Antibiotics dj ijkl klorstu
Avrsenic dfj ij oruw
Arsenic trioxide d ij oru
Asbestos [ abdef befijklvw fklnortuvw
Ascorbic acid ! dj ijklv klortuvw
Asphalt defh fi oqrstw
Barium carbonate df ijp ortuw
Barium chloride df ij ortu
Barium chromate df ij kortu
Barium nitrate d ijv kortvw
Barium peroxide d ij ortuw
Barium sulfate d ij orstuw
Barks dfj hijkl ikortv
Barytes abdefy bgijklv klnopruw
Bauxite ! abedefv beeikly cklnoruw
Bentonite K bdfp beijklprv kloprstuvw
Benzene hexachloride df ij kopru
Benzoic acid df ij oru
Beryllium oxide bd bijkl kloruw
Beta naphthol d ij oru
Beta naphthylamine d ij kortu
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Equipment Types

Material Coarse Intermediate Fine
(Down to 1/4 in.) (1/4 in. to 40 Mesh) (Under 40 Mesh)

Bones, animal dfv eikjlv iklorvw
Borax bdfv bhijklv iklortuvw
Boric acid df ijkl klortuw
Boron nitrate d ij oru
Botanicals dh hijkl kloprtuw
Brass chips df ikl klrw
Brazil gum dj hj rt
Bread crumbs dfhj ejv jort
Brew malt djv ejpv Ity
Brick and tile grog abedfv beejklnvw beklorv
Bronze agglomerates af ijv klw
Cadmium nitrate d ij ortuw
Cadmium sulfide d i ortuw
Caffeine d ej or
Calcimine df ijkl kloru
Calcium d ijklp klor
Calcium arsenate d ij ortu
Calcium bromide d ij kortu
Calcium carbide abdfv bijklv klorvw
Calcium carbonate abdefv ijklv klnortuvw
Calcium chloride dfv ijpv opruvw
Calcium cyanamide d ij oru
Calcium gluconate d ij oru
Calcium hypochlorite af ijpv kortv
Calcium lacate df ij ortu
Calcium propionate d ijpv opruv
Calcium phosphate d ij klnortuw
Calcium resinate d ij ortu
Calcium stearate d jt rstuvw
Calcium sulfate d ij kloprtu
Calcium sulfide ij ortu
Carbon bedfv beejpv cekoprstuv
Carbon, activated bdfv ejklpv kioprtuvw
Carbon black df hijklv klorstuvw
Carborundum aefv ejkiv kluvw
Carboxy methyl cellulose d ijklpv klorstvw
Catalysts df ijkl klortuvw
Cellulose df hijkl klortvw
Cellulase acetate pulp fj hijklp klorstyw
Cement abdf bejkl klorw
Cement clinker abedefn bedejkin cjklnorw
Cement paints bd bijklp kloprsuw
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Equipment Types

Material Coarse Intermediate Fine
(Down to 1/4 in.) (1/4 in. to 40 Mesh) (Under 40 Mesh)
Cement rock abcdef beejki ceklow
Ceramic oxides abdej bejklv kloruvw
Cereals dijov ijmov eijortuv
Cerium chloride d ij oru
Chalk and color mixtures bdj bijkl eikloprstuw
Charcoal bediny ceijklpv cklnoprtuvw
Chlorinated rubber h hj or
Chocolate liquor dos hijops denoprs
Chocolate mixtures div hj orstuvw
Chromic oxide d ijki klortuw
Citric Acid dv ijv ortuvw
Citrus pectin df ij ortuw
Clay, various abedfv cejklv cklnoprstuvw
Coal, anthracite abedef beeijklv ciklnopgruvw
Coal, bituminous abcdefn beeijkl dklopgrtuvw
Coal, lignite abedef beejkl cklopgruw
Cobaltic oxide ade ij ortuw
Cobaltous sulfate d ij oru
Cocoa (mixtures, nibs, d hjv rstuw
presscakes)

Cocoanut dhfv hijv ortw
Coffee e deijv deiorv
Coke, bituminous abdefv bejklv eklogtuvw
Coke, petroleum abdefnv bejklnv eklnopturw
Color slurries and pastes d ij orsu
Copper ab klv
Copper carbonate abde ijkl klortu
Copper powder d ij kloruvw
Copper oxide, red abd ijkl i klortu
Copper sulfate, crystalline abdf bijklv ekloruvw
Cork dfv ehijv jorvw
Com dfhijv ehijmov ijortvw
Corundum abdef beijklv kloruvw
Cosmetics d ijpv kloprstuvw
Cottonseed cake dfj eijm orw
Cream of tartar dfj ij ortuw
Cresylic acid d ij oru
Cryolite bd bijkl klopruw
Crystal potash alum df ijklpv kloruvw
DDT dj ijkl kloprtuw
Detergents dv ijpv oruvw
Diatomaceous earth cdefj cijkl cklnoprtuw
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Equipment Types

Material

Coarse Intermediate

(Down to 1/4 in.) (1/4 in. to 40 Mesh)

Fine

(Under 40 Mesh)

Dispersions wet or dry
Dolcmite

Drugs

Dry colors

Dry color slurries
Dyes: all types

Esters (gum)
Emery
Enarael frit

Enamels

Feldspar
Ferrous sulfate
Fertilizers
Filter cakes
Fire clay
Fungicides
Flint

Flour
Fluorspar
Fruit: various
Fruit, dried
Fullers earth

Galera

Ganister

Garnet

Gelatine

Gilsonite

Glue

Glutamic acid

Grains

Graphite i
Gums, various

Gypsum, raw & calcined

Hematite
Herbs

Hexamethylenetetramine

Ice

IImenite
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d ijkl
abde beijkls
d ejpv
ahdej bijkl
i ijs
dj ij
dj ijklv
abde bikl
abdf beijkl
abd beik!
aoej ij
abde;j bijklv
dj ij
dj ijpv
djv hijmpv
abedv tefhijklv
abdef fijt
abcdef beijklv
abde bijkl
ij ijmv

ij
df T
abd bejklv

klorstuvw
ceklmopruw
kloprstuvw
klortuvw
klorslu

klorstuw

ortu
kloruvw
kloruw
kloptu

klopruvw
kloruvw
jkloruvw
kloprstu
dklopv
klortuvw
cklortuw
eortuvw
kloruvw
oprsw
ior

kloprtuvw

kloptuw
cklouw
klortuw
ortw
kloruvw
ortu

oruvw
ijortuvw
cekloprtuvw
orstuvw

ceklnort « w

kloprtuw
koprvw
kortuw

r

eklruvw
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Material

Equipment Types

Coarse
(Down to 1/4 in.)

Intermediate

(1/4 in. to 40 Mesh)

Fine

(Under 40 Mesh)

Infusorial earth
Inks: printing
Insecticides

Todine

Iron borings

Iron oxide: synthetic
Iron phosphates

Iron powder

Iron sulfate

Kaolin
Kieselguhr
Kyanite

Lake colors
Lamp black

Lead acetate
Lead arsenate
Lead chromate
Lead nitrate
Lead peroxide
Lead starate

Lead sulfate
Lime: various forms
Limestone, soft
Litharge

Lithium carbonate
Lithium hydride
Lithium ores
Lithopone

Magnesite
Magnesium
Magnesium borate
Magnesium carbonate
Magnesium chloride
Magnesium hydrate
Magnesium oxide
Magnesium resinate
Magnesium silicate
Magnesium stearate
Malt

Manganese dioxide

d

abdf
ab

abcef

abef

abef
abedef

abe
abef

abef

|
i

jkl

P
jklmstv
i

fijkln

j

i

ijv

jn
bejkly

bikl
bik]

v

L TP TR S

bjkl
bfjklnvw
befijklnw

j

jki
bjklv
ikl

bejkl
fik
fj
fikl
fj
fj
fikl
fj
fj
fj
ijv

bjkl

kluw
klprsu
klprstuvw
Tu
klnrvw
klprtuw
kirtuw
kirw
krtuw

cklnprtuvw
klpruw
klruw

rtu

jklrtuv
rtuw

rtuw

ru

ru

ru

rtu

klruvw
eklnprtuvw
ceikInprtuw
klrtuw

rtu

klrt

eklru
kiprsuw

cklnpruvw
fklnruw
nruvw
fklnpruw
frtu
fkrtuvw
fklrtuw
fur
faruw
frtuv
ijrtvw
klprtuw
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Equipment Types

Coarse

Material Intermediate Fine
(Down to 1/4 in.) (1/4 in. to 40 Mesh) (Under 40 Mesh)

Marl abe ki klnpruw
Mercuric oxide j ku
Metal powders ij kirtuvw
Methy! cellulose j jkl jklrt
Merhyl methrocrylate ij ruvw
Mica abef befijklv fklrtuvw
Milk, dried ijv irtuvw
Molding compounds fj efjklv fklrtuvw
Molybdenum ores abef bjkl klnrtu
Mordants ikl klru
Naphthalene ] j ru
Nickel carbonate abe kl klrtuw
Nickel catalyst powder jkl klrtu
Nickel formate j rtu
Nickel oxide e jkli klruw
Nickel sulfate e jkl klru
Nitre cake j j ru
Nuts defhjnv deijnv hijmrvw
Opyster shells bdefj efjklrv eklpruvw
Oxalic acid j j jriuw
Paint: cement, cold water jklp klprsw
Paraffin h j krs
Paraformaldehyde resins jklv kirtuvw
Pastes: dye and pigment jklst klrst
Pericillin j klrstuvw
Pharmaceuticals jklpv klprstuvw
Phenol formaldehyde resins j ijklpv klprtuvw
Phosphate rock abefv beefiklv ceklnprtuvw
Pigments: organic, inorganic f fiklv klprstuw
Pitch b j rt
Pitchblende bf bfklt klirtu
Plaster of paris befj fijklv iklnrtuvw
Plastic compounds f fiklpv kirtuvw
Polyethylene resins j jkltv kirtvw
Polystyrene resins j jtv rtuv
Polyvinyl alcohol ijpv rtuvw
Polyvinyl chloride j jnrtuvw
Porcelain clay body abe kl klpruvw
Potash ores abef fikl fklpruw
Potassium alum j jkl klruw
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Equipment Types

Intermediate Y Fine

Material Coarse l
(Down to 1/4 in.) (1/4 in. to 40 Mesh) - (Under 40 Mesh)
Potassium bromate j ru
Potassium bromide ipv ruv
Potassium carbonate abej jkl jklru
Potassium chlorate j rtuv
Potassium chloride f fj ruw
Potassium cyanate j ru
Potassium ferrocyanide j ‘ ru
Potassium hydroxide ’ j j ru
Potassium iodate j \ rtu
Potassium nitrate jpv r rtuv
Potassium oxalate j i ru
Potassium perchlorate ( i ‘ rtu
Potassium permanganate | j {0 jrtu
Potassium persulfate j i ru
Potassium phosphate : j ru
Pottery glaze and slip f jklv kinv
Pumice afj fjklv fklvw
Pyrethrum flowers jr €j kprtuvw
Pyrites abcef bejklnw cekluw
Pyrolusite b bjkl klru
!
Quartz abef abeklv 1 kluvw
Red lead e jklp klpruw
Hesins: various fin efjklnv | kiprtuvw
Rice flour ijmptv ' irtuvw
Rochelle salt f fj i fruvw
Rock salt befv bjmpv t ekmplvw
Roots fj thy Loortw
Rosin j ij ikrtuw
Rouge ij ‘ ikirtuw
Rubber accelerators jt ! rstuw
Rubber, hard fh fjv ortuvw
Rubber, soft fhv jpv oprv
Rutile ab kl kluvw
Salt f fiklmpv klmrtuv
Salf cake bfj bfjpv eklrvw
Sand bv ejklv klruw
Selenium b €j lruw
Shellac j jkl klrtuw
Sillco, diatomaceous ikl klpruw
Silica gel jklprv klrtuvw
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Material

Equipment Types

Coarse

(Down to 1/4 in.)

Intermediate

(1/4 in. to 40 Mesh)

Fine

(Under 40 Mesh)

Sillcon carbide

Soaps: powders

Slag

Sodium acetate, anhydrous
Sodium acid cyanamid
Sodium acid phosphate
Sodium aluminum sulfate
Sodium benzoate
Sodium bicarbonate
Sodium bifluoride
Sodium bisulfate
Sodium carbonate
Sodium chloride
Sodium citrate
Sodium fluoride
Sodium glutamic acid
Sodium hydroxide
Sodium metaphosphate
Sodium nitrate
Sodium perborate
Sodium peroxide
Sodium phosphate
Sodium sillcofluoride
Sodium sillcate
Sodium salicylate
Sodium sulfate
Sodium sulfite

Sodium tripolyphosphate
Sodium zirconate
Sorbitol

Soup mixtures

Soya beans

Spices

Starches

Stearic acid
Strontium carbonate
Strontium nitrate
Strontium peroxide
Strontium sulfate
Sugar

Sulfur

Sylvanite

Synthetic resins
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fru
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ruv
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™
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Equipment Types
Material Coarse Intermediate J‘ Fine
(Down to 1/4 in.) (1/4 in. to 40 Mesh) (Under 40 Mesh)
Talc abej ejklov kloprtuvw
Tellurium ab ki kluw
Tile clay body cj cjklpv cklprvw
Tin abe I ik krv
Tin oxide jkl klpruvw
Teflon® j tu
Titanium pigments jkl klprsuvw
Toners ‘ jkl ! klrtu
Triple superphosphate v v ruvw
Trisodium phosphate j j Ttuvw
Tungsten ores abe bijkl klruw
Uranium oxide abe bjkl klrtuw
Urea jv ejnpvw klruvw
Varnish gums jt rtuw
Vat dyes, pastes jkl klrs
Vegetables: dehydrated j ij irtw
Vermiculite abef]j bijklv klrtuvw
Vitamins | ikl klrtuw
Water color mixtures jklst ’\ klrst
Wax: various types h j [ rsuw
White lead j | kprta
Wood chips fjv | fhijv l koprvw
Wood flour ijklv ijklorvw
Wood rock ijl ruw
Zinc abe ik . krtw
Zinc borate i rtu
Zinc chromate L ‘ rtu
Zinc oxide i iklpv J klpriuvw
Zinc stearate j rtu
Zinc sulfate jv L rtuvw
Zinc sulfide b bikl ' Krtuw
Zirconia abef bkl | Kiruw

Table 3. Types of Disintegration Equipment

Equipment Equipment Manufacturers

a. Jaw 1, 3, 19, 23, 31, 34, 38 55 73, 79, 83

Coarse Crushers (To 1/4'") i
| 3, 31, 38, 51, 55

b. Gyratory and cone
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Equipment Equipment Manufacturers
c. Edge runners, dry pans and chaser mills 12, 19, 49
d. Roll crushers, single roll 9, 11, 22, 33, 34, 36, 41, 43, 50, 55, 56, 63, 6%
e. Roll crushers, double roll 9, 11, 22, 23, 31, 34, 36, 41, 43, 50, 55, 56, 63,
69, 73
f. Hammer mills, heavy-duty 3, 5 9, 15, 28, 34, 35, 36, 43, 50, 53, 55, 56, 66,

69, 70, 73, 83, 84
Intermediate Pulverizers (40 Mesh to 1/4"")

g. Cage disintegrators 4, 7, 34, 61, 70

h. Rotary cutters and dicers 4, 7, 20, 21, 25, 26, 34, 43, 44, 47, 48, 53, 69,76,
80

i. Disk mills 4, 9, 11, 43, 47, 53, 64, 69, 84

j. Hammer mills 3. 4 5 9, 15 20, 26, 28, 34, 35, 36, 43, 47, 50,
53, 55, 56, 59, 60, 63, 65, 66, 69, 70, 71, 73, 83,
84

Fine Grinding Mills (Under 40 Mesh)

k. Ball, pebble, rod, mills, and sand 1, 2, 3, 6 18 23, 30, 31, 38, 39, 42, 46, 51, 32,
54, 65, 74

1. Continuous Tube, compartment and conical 1, 2, 3, 27, 30, 21, 38, 39, 42, 51, 54

mills

m. Roll flakers 3, 16, 22, 27, 28, 40, 73

n. Ring-roll mills 34, 39, 61, 73, 83

o. Buhrstone mills 43, 47, 53, 73

p. Low-and high-side roller mills 13, 61, 64, 83

q. Bowl mills i 6L

r. Hammer mills 3,4, 5 9, 15, 16, 20, 28 34, 43, 47, 53, 56, 59,
60

Impact mills : 61, 63, 66, 71, 72, 73, 82

17, 22, 32, 33, 45, 54, 57, 68

4, 9, 24, 26, 55, 60, 61, 64, 65, 72, 73, 81

4, 24, 29, 37, 62, 73, 77, 81

1, 3, 4, 8 9, 11, 16, 22, 23, 25, 34, 36, 40, 41,
49, 51, 54, 55, 58, 67, 69, 73, 74, 75, 78, 79, &4
w. Centrifugal classifiers 4, 6, 9, 10, 14, 16, 24, 25, 26, 34, 38 39, 60, 61,
62, 73, 79, 81, 82, 83

x. Lump breakers 1, 4, 9, 28, 35, 43, 55, 60, 63, 69, 84

s. Colloid mijls dispersers

t. High-speed mechanical classifier mills
u. Fluid energy mills

v. Screen classifiers

Table 4. Equipment Manufacturers

1. Abbe Engineering Co., Brooklyn, NY 11211.ccicvrrmmimmrinrenranreemeinnienniseen. a ki, v, x
9. Paul O. Abbe Inc., Little Falls, NJ 07424 .ooovvriniiiiinniiinniin k,1
3. Allis-Chalmers, Milwaukee, WI 53201 .ecooriiriniimmiiiniiinininn, abfiklmry
4. Alpine American Corp., Notick, MA 01762 ..oocveeniioineiniiiiminiiinnenns g hijrtuv,wx
5. American Pulverizer & Crusher Co., St. Louis, MO 63110
6. Babcock & Wilcox Co., New York, NY 10017..ccoccmmmiiniriiiiiinniininnnieninn
7. Ball & Jewell, Inc. (Subsidiary of Beloit Eastern Corp.), Brooklyn, NY
11218 e eereeersassansnrrassssnaceeaessessonianbussratesaeaaatesiasaab b s e s st e s e e e st e gh
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

449

Baitlett-Snow Co., Cleveland, OH 44105 .cccicrriiriisiinreanrinrersiieiornnieeinen v

The Bauer Bros. Co., Springfield, OH 45505 .ccccviveirimiriereaneinnusiinaierenns defiirtv,wx
Bird Machine Co., South Walpole, MA 02071 .ccccovecereriarmrinieneanrenencinenes w
Blaw Knox Food & Chemical Equipment Inc., Buffalo, NY 14211...c.cuv... d,eiv
The Bonnet Co., Canton, OH 44702 ...ccivrmmiiiiniiinniimiinrennioniceronnennes c
Bradley Pulyerizer Co., Allentown, PA 18102 .ccirvuviierimriniiisiennieniniinniens p

Buell Engineering Co., Inc., Lebanon, PA 17042 ...ceomrimriiiiioraaniinnnnns w
Buffalo Hammer~-mill Corp., Buffalo, NY 14218 .ccivieiimriniiincimiiiinceniiians, f,jr
The Buhler Corp., Minneapolis, MN 55426

Chemicolloid Laboratories, Inc., Gard City Park, NY 11040 ..ccooevirmninnnns s
Chicago Boiler Co., Chicago, L 60614 ..crversessrinnnninnniiiiiriiniiisenniianionnne k
Clearfield Machine Co., Clearfield, PA 16830 ....ccoevveennnies fereeereareenennstns a,c
Cog Corp., Chicago, IL 60641.cccecsrumeernissnereneecinisans

Cumberland Engineering Co., Providence, RI 02904

The J.H. Day Co., Cincinnati, OH 45212 .c.ccciiieeiemmmmmiiiiiniiiiiiiiiiniieane.

Denver Equipment Division/Joy Mfg. Co., Denver, Co 80217 ....cccvvnnunes a,ek v
Donaldson Co., Inc., Minneapollis, MN 55431 «ccovrerramesiientanissinnninnien fu w
Dorr Oliver, Inc., Stamford, CT 06904

Entoleter, Inc., Hamden, CT 06511 ..ccccrorarrrrirnnremnmeanioniasencacnuanioieneiens

Farrel Co., Ansonie, CT 06401 ....eeuvvrerranecenn

The Fitzpatrick Co., Elmhurst, IL 60126

29. Fluid Energy Processing & Equipment Co., Haifield, PA 19440

30. Foster Wheeler Corp., New York, NY 10019....cccciiisererceniiininniiniiannanne

31. Fuller Co. (Traylor Eng. & Mfg Div.), Catasaqua, PA 18032

32. Gaulin Corp., Everett, MA 02149 .ccccciiiriemmmnminnicniinrenneiniieiiinn. s

33. Gifford-Wood Inc., Hudson, NY 12534 .cccoirieriimiianinnimniiisiininioniianian d,s

34. Gruendler Crusher & Pulverizer Co., St Louis, MO 63106 ..ccccnmuuisirainernn a,d, e, f,ghjnrv,w
35. Jacobson Machine Works Minneapolis, MN 55427 c.ecovviremnieniniinininiinnnen, fj,x

36. Jeffrey Mfg Co., Columbus, OH 43216.......ccccennnnan ererrnerterernasanres wd, e fj, v
37. The Jet Pulverizer Co., Palmyro, NJ 08065 ....... TSP .

38. Kennedy Van Soun Corp., Danville, PA 17821 ........ rererrrteereennassanaens bk L w
39. Koppers Co., Inc. (formerly Hardings Co.), York, PA 17405 k 1, n, w
40. J. MLehmann& William R. Thropp Co., Salem, OH 44460.... m, v

41. Link Belt FMC Corp., Chicago, IL 60608 ...... evtreereeerraraasaeneaarriesaenaas d,e, v

42. MSI Industries, Inc., Denver, CO 80205 ....ccsccrrumruerinninnresisonracininiraninne k1

43. Franklin Miller, Inc., East Orange, NJ 07017 .ccoocorvrriimiimnimniinnnianann, d,e f hiijorx
44. Mitts & Merrill, Inc., Saginaw, MI 48601

45. Morehouse Industries Inc., Fullerton, CA 92633 ..c.cccoeeiiemiraninnninnniinincnnns s

46. Mueller Machine Co., Trenton, NJ 08609...cccccrteurssriarseeriorinnieniuieniaans

47. Munson Mill Machinery Co., Utica, NY 13503

48. NRM Corp. (National Rubber Machinery Co.), Akron, OH 44308 ......... h

49. National Engineering Co., Chicago, IL 60606 ...cccceisiserecuuiiniinnirannaaniiies C, v

50.

New Holland Brass, Bronze and Aluminum Co., New Holland, PA
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51. Nordberg Division Milwaukee, WI 53201 ..ovvvrrrrnninmrunmsiiionosinesnineiineennes b, x, 1,y

52. Norton Co. (U.S Stoneware Co.), Akron, OH 44320 ....ccceeeruureeerenrennnee k

53. Pallman Pulverizer Co., Inc., Clifton, NJ 07012 .cccrirnerererruirrierioninnerins f.hi,j, 0,1
54. Patterson Industries, Inc., East Liverpool, OH 43920 ....c.coverrrmremrennennen k,1,0,v

55. Pennsylvania Crusher Corp., Broomall, PA 19008 ..eeeeererreenviirernreerennnenns a,b,d,efjlv,x
56. Prater Industries Inc., Chicago, IL 60650...ccceurecerermrieiaarerneecrereernronnerens dyef,jr

57. Premier Mill Corp., New York, NY 10001.c:cctuererrreeerursrernmreesrecsrnncses s

58. Productive Equipment Div. Smico Corp., Oklahoma City, OK 73127 ...... v

59. Pulva Corp., Perth Amboy, NJ 08861 .ccicerverirrrareemvecrevnseerannens i

60. Pulverizing Machinery Co., Summitt, NJ 07901

61. C-E Raymond Div, Combustion Engineering Inc., Chicago, IL 60606...... gn,pqrnLtw
62. Reduction Engineering Corp., Newark, NJ 07105 .recerteceeererrernreercseansens u, w

63. Rietz Mfg Co., Santa Rosa, CA 95401.u.urieenceruuieiereereenserrensersiorsesnsenes d,j, 1 x

64. Charles Ross & Son Co., Hauppauge, Long Island, NY 11788.....cceeerreen iLpr

65. Schutz-O’ Neill Co., Minneapolis, MN 55415 .eeuuveeerierereriemnieriansernennse e, h i

66. J.B. Sedberry, Inc., Tyler, TX 75701 cccerrrerremcsruerrannareennersensennenss fir

67. The Orville Simpson Co., Cincinnati, OH 45223 ..citiiviemieniierenieenriorsnnes v

68. Sonic Engineering Corp., Norwalk, CT 06852 .ecrivvrerreareeerenrernrerreanaenns s

69. Sprout-Waldron & Co., Inc.,, Muncy, PA 17756
70. Stedman Foundry & Machine, Aurora, IN 47001

71. Stokes Division, Pennwalt ‘Corp., Phila, PA 19120 .ccvcvuvierirnnirrncrenernnnes j

72. The Strong-Scott Mfg Co., Minneapolis, MN 55413

73. Sturtevant Mill Co., Boston, MA 02122 ...ceviitiieriirrecrnrnreetnseiersrarenanenes

74. SWECO Inc., Los Angeles, CA 90051 .ieeviereriirinrirmiiiniieeneniinenuenennnen

75. Syntron Division, FMC Corp., Homer City PA 15748 ....ccoccvvnnieninninns v

76. Taylor Stiles Envirotech, Cleveland, OH 44125......cccvviiiivininniiiinnnnnninns h

77. Trost Mill Division, Garlock Corp., Helmetta, NJ 08828....c..ccevreunianns u

78. W.S. Tyler Inc.,, Mentor, OH 44060......ceuretriririerinriicrianniriiniiniia v

79. Universal Road Machinery Co., Kingston, NY 12401 .cc.creverivrrneiennnreens 0,V, W
80. Urschel Laboratories Inc., Valparaise, IN 46383 .coccovierimniirrannionean verensh

81. Vortac-Du Pont Co., Engineering Dept ...ccevverivmricrianiieniiriiieniiiinn, t,u,w
82. Vortec Products Co., Hawthorne, CA 90250 .ereeneierianirnraniian. rereaenne I, W

83. Williams Patent Crusher & Pulverizer Co., St Louis, NO 63102............ afjnpw
84. Young Machinery Co., Muncy, PA 17756..c.cccceviimmimminniiinninninniininin. f,i,j,v,x
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Table 5. Sieving Equipment Selection
e Operating Sieve Typé o Sieve Area I
SEF v mf" Size Cleaning Materials E]’rodulct l\,S’Igz sh Capacity %:/I anuf?cturer
ypes Range Mechanism Suited for Xamples 12¢ (lb/hr/sq ft) |-xamples
Gyratory > 74 ¢ | Brush or ball | Those thatdo Po(l:ﬁ?t};ylene 20 200 3,11, 16, 69.
or rack on not agglomerate P 81
Rotary underside of | from motion Poll){)e“t’lazlrene 30 40
screen
Polyvinyl
chloride 40 1000
Polystyrene 16 to 56 300
Cellulose 10 to 50 300
Epoxy
powder 200 20
Ground
cellophane 230 18
Vibrating > 74 nu Screen Bulk of Polyethylene 20 50 8,9, 22, 26,
. . powder
or vibration or | particles ) . 34, 36, 41,
Shaking Cball rack | finer than | Diamanium |y 1000 | 49,54,55,
| on underside | aperture Uramite® 58, 67, 69,
opening fertilizer 14 to 28 58 74, 75,78, 84
Turbine > 150 s« | Brush Free-flowing to | Flour 50 200 1,41,69,72
or sticky materials
Reel ! using special
| cleaning
Air Jet > 37 ‘ Reverse Those not Metal powder 325 30 | 4
| air jet covered above | Ground acrylic| 270 5
powder
. . F; :drag force, It
3.2 Zes®oll of8t 9% (Air Classifiers)
C,; :drag coefficient, _1%4*:—[)2—45'_—

o] Wb & g | kTl A&t Eh = Re 25V Ps
Oh3) oo o) 28l drag force & 2A 75]-0:] Ng, : Particle Reynolds Number, D0, V/ 12
S¥EE whE S5, drag force 7} £ RTES pg BN, lba/cu-ft
he RTRe R UrlAE FO& pTHoez ¥ Ap KT BEER, TD, /4
E5HE Ao|u) g. -9 A A, 32 2ft/sec?

of W& AAA EF wEel WelE weld V iZlA9 S5, ft/sec
KU (374 ol Az e] ¥ 4] Hoh, p A R, Lo/ ft-sec

3.2.1 HARG D, : Rif& (Stokes’Law AF-8) ft

Stokes’ F o] &= WA (NaL2)o A EHRIEAN A 7] FAF r%bﬁ{zsa ol @
BRze] kel 283k drag force = ol sl gl ke A dofel En el

2 L.F ZA) Bk S
Fy= CaV* oAy o 2o A-$57f drag foroe ) e, He) 8

2g. i o g3} drag force = £33 4R A Bt
4714 o g T S5 Vool o5k AP,

apstst M5 M6 5 1977 128
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Fe i 3&07, Ibs
W Rere F, 1b
Ve g, ft/sec
ro BRI S et A A e ub
A, ft
pp P RITE] WEE
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wheba] 3 sk @i 7h&dl PR ro] $A
e A7 D, 9 KFel RE3e drag force 9

#ELJjel B L o7

F,=F,= 3WuVeDps _ T D0,V

e 6gcr
o k===
D,= 18V,
Op

o] KXol kel I 5o o8 Gl 19 4 ¢
B BT d=27E e s dukalo) o)
et of Ao AE rhaEAd o ouA <«
AL zH]3A] o=z Az kAR o
£H oz T8 D, ¥t =k

IR IE 7L Stokes’ W H o] A &5 = gL )
ol 0.3 < Ng, <1000l A= Cp 9 3tol
@2} o}® . F o RE9 Vortex Classifier &=
Stokes’ A o] ML= Wl g slojd Jodof
A FASHEE Ng,, Ci9 ol wet HES &
Foof gtek, (Table6)

Aoz Frlel gk EFof lefAE 11b
01 B8 s WmIsty] 918t 2~41be] F7)7}
a3ttt o] B Wilets Fojdebdd o] &
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Table 6. Values of the Drag Coefficient and
Stokes’ Law Correction Factors for
Spherical Particles

Ni. ! C, (D,/Dy)
0.1 240.0 1. 000

0.2 120. 0 1. 000

0.3 80.0 1. 000

0.5 49.5 0. 984

0.7 36. 5 0. 968

1.0 2.5 0.951

2.0 14.6 0. 906

3.0 10.4 0. 876

5.0 6.9 0. 834

7.0 5.3 0. 804

10.0 41 0.765
20.0 2.55 0.686
30.0 2.00 0.633

50. 0 1.50 0. 566
70.0 1.27 0. 520

100. 0 1.07 0.473
200. 0 0.77 0.395
300. 0 0.65 0. 351
500. 0 0.55 0.295
700.0 0.50 0. 262
1, 000. 00 0. 46 0. 2283
2, 000. 00 0. 42 0. 1692
3, 000. 00 0. 40 0. 1414
5, 000. 00 0.385 0.1118
7,000. 00 0.390 0. 0937
10, 000. 00 0. 405 0. 0770
20, 000. 00 0. 45 0.0516
30, 000. 00 0. 47 0.0411
50, 000. 00 0. 49 0.0313
70, 000. 00 0.50 0. 0262
100, 000. 00 0.48 0. 0224

D,s=Particle diameter calculated using Stokes’ law
D, =Particle diameter corrected for Reynolds number

o] AA & /rEel YAz FHHE Y
Z5o uwhg} FEAE TEAE 4 st Table
7. ol =53] A= BARER} FIAFRS K
MHE B3RS Wele FRE 2 AAAD
- 2,437} Fer},
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Table 7. Classifier Selection
Operating Range Feed
Top Particle Conditions Size in
Operating Size in Fine | for Successful Fine Manufacturer
Type Principles Fraction Classification Examples Fraction Examples
Fluid bed Fluid drag 10 to 200 2 | Wide size PVA < 200 ¢ 25 7
opposing distribution NaySO4 < 150 w
gravitational force in feed
Whizzer i Rotating baffle 40 to 300 z | High 9 of ( Ilmeﬁite 969 <44 1 24, 61
| intercepting fines CaO 999 <37 1
particles rising
in a gas stream
Inertial Fluid drag opp- 74 to 300 2 | Wide size Limestone 959% <1501 6, 16, 38,
osing inertial distribution 39, 62
force of particle in feed
Flat plate, Fluid drag 10 to 50 u Nonsticky Glass 98% <10 = |4, 26, 82
centrifugal | opposing Lead — 98U <17 1
centrifugal force molybdate —
pigments
Vaned flat Fluid drag ! 7 to 50 ¢ Nonsticky Polypropylene | 98% <20 ¢ 4, 9, 60
plate, opposing ! Polypropylene | 989% <{44 p
centrifugal centrifugal force i CaCQO3 98% <9 1
Combination | Fluid drag 20 to 300 # | Nonsticky Ilmenite ‘ 989% <44 73, 79, 83
vaned and opposing Flour 989 <80 u
flat plate, centrifugal force
centrifugal
Nonrotating | Fluid drag 3 to 20 & Well CaCOg 989% <7 1 62, 82
or opposing dispersed Iron oxide <6 pn
cyclone | centrifugal force feed Polypropylene 989% <18 1
REEES (—BE 9 B XES I
3.3 SEREEE

27 (e FEEAS) A S5t AT B
e A, 2ol et HFE SESE
249 A% DAY stk MEAE I
2%s]el Sl M (Sub-micron $1) & A &
o2 hreq e PAsE Aoleh, WM K
< HEe AR E A9 wEst 90 et
gekme RS BEE BB EAE
oh e,

Table§. & 79 HBEEY 542 ¥=g
ez AR $8el Al B Aot

2petzet H15A H 6.2 19773 128

dAH EHEAE Sylvan o] EFE? ©]&
& gl o] EiFT MEES WESH Pl
L ERH KEFR e BE, Hiiss V1A
o mBRE R bse BES TR 32
T g A FHol ol



Table 8. Comparison of Some Important Dust Collector Characteristics

457

Higher
Efhciency
Range on
Particles Pressure
Greater than| Loss, Water, Gal Max. Temp,
Mean Size Inches Per 1, 000 Humid Air F, Standard
Type in Microns | Water ) CFM | Space Influence Construction
Electro-Static 0.25 1/2 l ------ ‘ Large Improves 500
efficiency
Fabric: 0.4 36 eeeees Large May make 180
Conventional reconditioning
| difficult
Reverse Jet 0.25 3-8 [ e Moderate 200
Wet:
Packed Tower 1-5 11/2-3 1/2 5-10 Large
Wet Centrifugal 1-5 2 1/2-6 3-5 Moderate
Wet Dynamic 1-2 Note (1) 1/2-1 Small None Unlimited
Orifice Types 1-5 2 1/2-6 10-40 Small
Higher Efficiency
Nozzle 0.5-5 2-4 5-10 Moderate None Note (2)
Venturi 0.5-2 12-20 | e Small Unlimited
Dry Centrifugal
Low Pressure Cycle 20-40 3/4-11/2 | e Large May cause 750
High Eff. Centrif. 10-30 3-6 ‘ """ Moderate condensa- 750
Dry Dynamic 10-20 Note(1) = == Small tion and 750
Louver 15-60 1-3 e Small plugging 750

Note(1): A function of the mechanical efficiency of these combined exhauster and dust collectors

Note(2): Precooling of high temperature gases will be necessary to prevent rapid evaporation of fine droplets.
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Table 10. Particle Size Analyses Methods and Equipment
Sizi f ga 511\2 ethod an&;ﬁzﬂal PI;:;rtrlStir A%r;ils I%/}izgrtslzr(‘g(; (Mfr.) ** Comments
of Equipment Measured (min) #
Sieving
Dry Rotap, Alpine | Size-Weight 15-30 | 44 and 1,2 { For flowable solids
jet sieve above
Wet Micromesh Size-Weight 15-30 | 6-200 1,3 | For slurries and nonflow-
ing dry materials
Microscopy
Light Size-Number 30-60 1-500 6,15 |Small depth of field,
16 difficult to account for large
range of sizes
Scanning Size-Number 0.01-100 4,5 | Good depth of filed,
Electron large magnification.
Expensive equipment
TV Counting | Quantimet Size-Number 15 0. 01-500 6,7 |Rapid, direct, or photograph
counting
Sedimentation ’
Gravitational |Andreasan Pipette; Area-Volume 10-90 0. 1-100 8,9 |Good for slurries, must
Liquid Micromeritics— maintain dispersion
Sedigraph
Air Micromerograph | Area-Volume | 15-180 1-250 10 Sensitive to electrostatic
agglomeration
Centrifugal MSA-Whitby Area-Volume 10-60 0. 5-1, 000 11 Relatively fast for
Thin Layer s2dimentation
Electrical Coulter Counter |Volume-Number|  15-30 1-200 12 | Must be
Conductance Celloscope 14 dispersed into conducting
liquid, counts rapidly so
3 large numbers can be counted
1 to give statistically
accurate counts. Relatively
5 expensive equipment
Porosimetry ;
Alr Fisher Sub-Sieve Area 15 0. 1-40 8 Gives a rapid average dia
Analyzer measurement, well suited
BET and BET, Mercury | Area, Pore 20 (0. 001- 9 for quality control
Mercury Porosimeter Distribution 1500.)*
Drawdown Paint| Paint Club Gage | Number 6 2-200 13 Gives a rapid measure of
Gage Hegman Gage| diameter largest and average

particle sizes, but reguires
sample rheology such that
marks will 1emain after
drawdown for reading

* In units of sq meters/gram
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**Manufacturers’ List
W.S. Tyler, Inc., 8215 Tyler Blvd., Mentor,
Alpine American Corp., 3 Michigan Dr.,
Buckbee-Mears Co., 245 E Sixth St.,
Philips Electronic Instruments,

Bausch & Lomb, Scientific Instrument Div.,

Ee i N L o d

Sharples Stokes Div.,
. Mine Safety Appliances Co., 201 Braddock Ave.,
Coulter Electronics Inc., 590 W 20th St.,
. Precisison Gage & Tool Co., 28 Volkenand Ave.,
. Particle Data Inc., Box 265, Elmhurst, IL 60126

5. % @
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OH 44060
Natick, MA 01760
St. Paul, MN 55101
Mount Vernon, NY
Coates & Welter Instrument Corp., 2191 Ronald St., Santa Clara, CA 95050
Rochester, NY 14602

Quantimet, Image Analyzing Computers, 40 Robert Pitt Drive, Monsey, NY 10952
Fisher Scientific Co., 203 Fisher Bldg., Pittsburgh, PA 15219

Micromertics Instrument Corp., 800 Goshen Springs Rd., Norcross, CA 30071
Pennwalt Corp., 955 Mearns Rd.,

Warminster, PA 18974

Pittsburgh, PA 15208

Hialeah, FL 33010

Dayton, OH 45410

Pont &jile] 444

., %59 #4149 Amer-

ican Cyanamid §il9] $HAKS iy [

A RS ‘:ﬂ‘ﬁ ol ehzr2- PFHCe  #iEo]
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