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FEFE e AL de ¢y
A Qe AAdolth =g sl MRIKE ALas
71 S04RIREH Y 2 dF S A=
B2 A 94 g7 we WY A

BAEAA] o] ol R 2= MFBhT/} agglo-
meration ¥ coating'reducer 2 = hardness
reducer £ F-& o F {FHE AR FohE R
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ojw 4-rof & Kehbinder & micro-law hy-
pothesis (micro- flaw & w87 ko 2 HoZ
A7 FrEeh) e WEE Wovx Eiln
et ]ﬂ 22 AL Az 2t Efol
R BEEEI wgh Foll w3k FHEE S o) H g
=7 o 4 (Italian National Research Council)
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¥ o] smooth & Abbe-type mill(FRI£L ¢ 200 x
200mm) o] A} batch grinding test & 773t} &
|3t test o] whebA] 6, 12, 19, 25mm FT+E
mill o] volume ©.2 40% <7+ ‘é% w29
o}, % batch= A=E 1kg(0.6 mm ©)3} 74z
o] 4 size) & w|H3ke] 100°Coll A AzxAz] A
a2 30g-& A9 23 7+e] FEES 47cm?/
golx grain size +EE <{E-1> 3 gk
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<F£-1D> grain size

sieve aperture (mm) % retained
0.59 2.28
0.42 36.89
0.30 65.51
0.21 83.07
0.15 94. 26
0.10 98. 82
0.07 99.37

mill speed = ¢A 4= (critical speed) 2] 64,
72, 80, 88, 96%°l AFIe SEz WEAZ
4 == 9

drive motor &] A # B 7 grinding
test o] ] agglomeration ¢] o] tx] G+
2 A"ste] 2 gl BEEART. #EA mill
Roll A e o8l =3 stel {@#EE total
energy = 77 diameter v} mill $E o A

T
EluR

4
FE

ball o] £o] Q= AdEE FFio FAE 2T
o] BES AYLE 7] &g}, additive & 3
a4 e test A= 53| agglomeration
o] o= w = sample
2 7.

cement sample 2 200 mesh Tayler sieve 2
screening d+¢] +74x fraction 3 —74x fraction
o2 Blaines &A% o] zh& BRAEEYS
total specific surface 2. JeE#R

wmReEEE A48 S sodium acetate o
mill &4 e feed charge ¢+ £¥3] BAE3}
A& et

e & additive treatment

m # =R

HHRe ¢ R 44U

o E®l
Qo] —zEstAl FA" Aolch test7t Er
mill A A=EE 2% AR mill AEY HE 1 —E(9A $5=2/88%)
<FE-2> Total specific surface of the clinker ground at constant mill speed
ball size concentration of the grinding aid; %
(mm) 0 | 0.25 | 0.50 | 1.00 1.50
6 2,146+172 2,553+137 3,264£129 3,601+£153 3, 62857
12 2,821+ 90 3,099+ 53 3,337+ 24 3,827+ 80 3,824£85
19 2,870t 75 3,061+ 68 3,322+ 79 3,845+ 57 3,823£41
25 g 2, 960105 ’ 3,122+ 57 3,557+ 60 ‘ 3,537+£100 3,490 81
<FE-3> Total specific surface of the clinker ground at different mill speeds
bazlr;;bz © “ concentration of the grinding aid: %
mill speed \ :
e | 0 | 0.25 0.50 1.00 1.50
12mm balls
64 3,316 120 3,333+£130 3,259+ 57 3,373+ 57 3,537+ 55
72 3,287+127 3,306+123 3,342+148 3,604+ 63 3,725+ 73
80 3,170t 59 3,479+ 34 3,521£133 3,794% 10 3,924+ 50
88 2,821+ 90 3,099+ 53 3,337+ 24 3,827+ 80 3,824+ 8
96 2, 747+143 2,745+ 86 2,988+ 52 3,402+114 3,430+157
25mm balls '
64 2,813+ 11 2,853+ 21 2,916+ 33. 3,005+ 33 3,049+101
72 2,760+ 52 3, 018+ 31 3,073£102 3,208+ 19 3,287+ 59
80 2,959+ 66 3,309+ 68 3,419 80 3,509+ 58 3,566+ 56
88 2,960+105 3,122+ 57 3°357+. 60 3,537+£100 3,490+ 81
96 2,969+184 3,071+139 3,401£105 3,561+ 51 3,667 65
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FAERER : unmixed
ball size : 6, 12, 19, 25mm.

" B2

S BE (YA S5 64, 72, 80, 88, 96%)

B AMER © unmixed

ball size : 12,‘ 25mm.

WEeBhEl A E(AE 1, 2 %) 1 29t
Ha 0, 0.25, 0.5, 1.0, 1.5%.

<F-2> 9 <F-3> & product & v] ZriA S
RWFHES 9912 £7% Aoloh. AR &
test st 3EY YAt ol Aol W
7R AA FfERe] 2o BEES J=e
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5% GHEBANAA HEE donz of o
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<aB-2> —REERwEs RmolgEst +74p

fraction E®D} —74p fraction lEF
miEn2| Rk
o] 525 2wl mill speed & —EHA MR
ARL 4 sodium acetate & WHHPAHE T
3 WEA7z et AAA 24, B 24
] W@ =+ product ] fineness o W7t A
Fet
BREENES HEE BREIEY BEST ST
o] @et EAses HAnAd 2234 H4E B
pegpee) =sldl A Qo —ER FE #A
A e meRgEsl HRE el dde
ball size o] et th2rh. fineness 7t A% £¢
]9 e ball size 12 2 19mm, HEED
#iel sodium acetate ¢ 1% #o[= sodium
acetéte 19 0] A ball size 6mm ¢ 25mmE ball
size 12mm, 19mm =¥t} FA coarse 5%,
BRI 0.529 Hy EE ball size o4



fineness 7} - [F—3}] 0.25%o1lA & 12mm, 19
mm, 25mm ball & A& wlE finedtx] &
35k 6mm ball ¢ AHEHPE dE ©S 27
oh o] AREA Y W7 A4 E23E @9 9
Sted +74u fraction o S g FHAH < B —T4u
fraction 9] ®] £94-& <=29-2> o) plotting &
th. o] o4 B grinding aid9 &%
ball size o] #RE £938 & 5 Yt}
BERYHE AsA g%e A 2 RTE
F<Ed+E 6mm ballo] ©h2 ball B} #ES}
Azl et fine ¢ K FE 23 E O ball 2
o BRRyel ek 12, 19, 25mm ball& o] g} z+
< #AAA Bl 2 Foldt floh HREEIE
AF&3te] 6mm ball 24 = HAG-S BRE
RS BRed WAg dts) BE g
12mm ball ]} 19mm ball & A}£8 =} 25
mm ball & AH&-& =i BHREEHES B %X
R7F 420, grinding aid 9 £ grinding
media 9] size of wek Tz AT <29-3>
A+ grinding aid & A3 2BEpgo 2 u
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= 20 /// ————g
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O—-- 19mm
U + ——= 12mm
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1 ol 1 L -
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sodium acetate %% (%)
<23-3> —EEERER St LEER

B

<%-4£> Analysis of variance. Grinding tests
at constant mill speed

Source of Degree Estimated| F F
variation freedom variance { cale. | 99%

Main effect: |

balls size 3 ‘396, 003) 36.2 4.13

aid concentration 4 2,345,999 214.5 3.65
Interaction - 12 103,345 -~ 9.4/ 2.50
Error 40 10, 936
Total { 59 ‘ [ t

sdA Zrdde 44E Hehiz g

test RS AR BITT $HE I TAH
T B RS oY Aoz 4489 %
factor el ZEIFAl FHE (S T4 =49 &
Tof W2 FEE ball size o 9 FE wiErh)dt
e A2 SEG ez & 5 A0S (<EA>

Az). & /R] A E 9 ]_u_t’azia% mill operation
< HEAE 2719 parameter {9 BRE e
e 73?%;&* 2] I EA A et o
3} 7ol AA A o] Ao
F=a,+ax+ax* + asy® + ayxy + ase’
o714 a,=0.03416 ai=1.1756
a,=—0.2654  a,=~—1.0806
a,=—90.3428 a;=1.5688

zElm =R B

y=sodium acetate 9 ¥ %

¢l HEAL A deviation 2% & Zte 4 A
44 AT RelH 4 AYAY eRFe 5.7
%ol ot. HfgpEle Tt o & ¥ 5& A3}
= Y& Aok, mill speed & 22 A AF
3 A= BBl 297t Bas mk
ANz Je(<2g-4> F=).

BRgEe 5271 0.5% o3t WE A E K
F7b G AAR EolA A3 ¥4 E&EA
A A E ¢ker) ball size, mill speed, grin-
ding - aid ®] charge &Rl ¥%3) ZEFH
ol 9leh. o] FER=2A HET Fﬁ% AE T
1A gt grinding aid $} operating ‘condition [
o F% AF4el EARE ALL Ao
t}. grinding aid & MstA €% = AMES
fineness & 12mm ball-g& A}-&-3= mill speed
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7 2o} EE E7p8tn 2omm & AFE-Eh mill

1E 9] fineness 7} &7}

sodium acetate & 0.5% 7l @ 12mm
ball & fEfeha 1A $=9] 80% 14 714 fine
g e S £ 9w 64, 82, 8% £
7t fineness o] ¥, 96%°lA b4 coarse 3t
Rto] dolxrh. 26mm ball &+ Ag-3lwl A
&x9 80, 88, %6%ANA 7 2 FEE A

‘

i

4 Q3 64%°14 b4 coarse 3t F-Ho] H
729%0A 7k FEd AFE ¢ F Uk

sodium acetate & 1% H 7M€ = 25mm ball
S A&ty Astel W37 Yl 12mm ball &
Ab&-319 critical speed & 80, 88% ¢l 4 finest
product, 72%o]4 intermediate product, 64,
962l 4] coarsest product 7} 471t} EHRHY
o 2 E u finest product & ball size 12mm,
speed 80~88%, sodium acetate 1% Y = o]
A et

WREEEe #oh< 25mm BohE 12mm ol A,
low speed Bt} high speed o] A} ©] z.3 speed
oF 4l A9 wHEAC &3 AL e 3

o

1
0
sodium acetate 5% (%)

<{zd-4> A& mill £zt H

0.25 0.5 1.0 1.5

HHM 2| B

of G ({zq-6>).

12mm ball & A}8-3F o sodium acetate 2] %#&

B mill speed 71 A $x29 80~88%7A =
TE Fbl vt ERstz 2 kS FEeA
= Zageh

25mm ball # grinding aid &% 0.5~1.0%
A8 Aol oA %52 80, 88, 96%A E&
o] Fl—3het.

grinding aid 249 #RE Yehle 4 ¥
= = ball size ¢ mill speed o =} =2k A
g Az @fiezty sed ¢ B ok
A HEHe 2 FEERE AT <E-S> A B
upo} zro] F factor fell ZEAEAEFH] HAEdeH
B AL & gk ol AL £ =AY T2
o] wWE F 3 ball size & mill speed o] =A
Aoz A S ohA 2k cement
product 9] ®]E=4 3 grinding test o 3{F<
parameter (4] =l 4] 2] ’5]7;;1 mill speed, 4
zA9 FE)H B¢ AAE veblE WA 42
=3} 3|71 2A (multiple, regression analysis)
o8 thgst o] ARA A

F=a,+ax + a,x + sy + asyz + a, tany + aze>*
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<#%-5> Analysis of variance. Grinding tests A= —11.8%clet. of AL FA 2 zA4
~ at different mill speeds %E7l' 7]_79_ = H] %% i]—?q ,3}_1 S{},T;HE A]_él_%_
Source of Deg%ree Estimated F F o 4 9t
variation freedom variance | calc. | 99%
Main effect: s
A=ball size 1 933,781| 92.95 | 6.85 V. ﬁ ﬁ
B=mill speed 4 866,581 36.49 | 3.48 .
C=aid conc. 4 11,639,320 163.18 | 3.48 o] #EHREA =Yl MRERF sodium acetate
Interactions . E FHE3E ¥4 24 HEAE ¢ e
AB 1 4 734,571 73.12 | 3.48 AL FoF £ g AA Baee T 7}A
AC 4 8,224 8.8 3.48 faétor 7} grinding of 03 e mAH, &It
BC 16 83,552 - 9.32 | 2.20 | . . " o|z THE e 3
ABC 16 19,880 1.98 | 2.20 agglomeration # coating ¢l xr. =& ShE =
Error 100 ( 10,048 o] &3t factor of ot
AER-S Hindys sk ¢skE = = agglo-
Total 19 | | | : . . :
- meration 7} coating ¢] 471 R E== Az}
71 A a,=0.06144 = a,=—0.08023 wrabA] e 28 7he] 4 particle o Rl
a,=—10.7664 a,=1.0004 ok S Ao & pEd] Jd HE AF
a,=17.9584  a,=—0.1175 (material’s resistance) ¥ 7taA7]E k2
283 x=grinding media ¢] dia d oAt
y=mill speed o) AL A AL ball 24 A {2¥Y-2>
z=sodium acetate 8] T % o B BREs v ok F b R
9 WAL e &y deviation 9.8% 5 #H+ 7 balle] 34 oyA=zAE 7b4 & sized] =7
Point (A& A) & dA3E Kol 7 point 9 & FHE B35l RESA| vt 237+ BrEEH
12mm balls cml/g 95 mm balls
o —— —_— 3800
Z2MN
R ~. 3600
—— m
//* - // e T
e ﬂ.g( 3400
+ ,./ 3200
./ -
\J 2000
-1
%
12
¥\\3 %
4
s o
_ i 1 ! 1 1 1 1 1 ]
0 0.25 0.5 1.0 1.5 0 025 0.5 1.0 1.5

sodium acetate 8 5% (%)

<2W-5> HIMW %0 G2 +74p fraction D} —T74p fraction 2] HEHX TS
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£ 74 A7 & sodium acetate &) HEAETIAE
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AFel sl hA I EHEH e 3 vk
24 Gaudin & #4] o] &3 dA g}
Rehbinder & flaw NellA] A= T F
WEel AEs=

Q] =

PA D

datehs F43
=
i
7t

i
o

]

A Aole AL A

wEe A el <tsiEz flaw 9 3 Ko
B34 =ch. W¥ 4 (deforming force) =
ol m CroﬁaW £ vdo] & WA A £
A [z AASA At olsl Bl vheh 2
Ao T o7 2 F9-F microflaws
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oA 52 W F A FE TpelA £4
HE ouAe odA = 70% A= ivh o
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52 288 %E oA o At o] ZES
<a@-4> oA ok 5 gle vhek Aof 4 24
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%7 25mm ball & &3¢ 27} BopRes] =
12mm balld A% Sxr7F ="H2 o Hge
Elc’r‘_ o},

ngogoﬁrir_gugi
[2]
LT
o

>
_1_,

p

—~

&+ 3
Al 59 64, 72, 80%9] iﬁiﬁ]

L
=2
ol
AT o o F FF balle AEHT FE
291
o

¥

Z2mm ball & 7Z-$7} 25mm ball |
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obych o) 9 AR AL &7 Zrh
B2 zA9 mill 589 A% AA = 12mm
ball & A &35}e) BAET Az FA%) 9=
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12 mm balls 2L

[ 1 1 ! |

e
oY

25 mm balls 2%

o 96

o 83 , '
-+ 80 g critical velocity
v o2

0O 64

1.0 1.5

0 0.25 0.5 1.0 1.5

sodium acetate T < (%)

<z2d-6>
AL FET 71AH stress & FF3
A F3tz wlEsF A7) w ol
T network o FEEL REmHEEAAE 4IRS
W=tk 2712 stress 7} o 274 4] 1] A8} crack
ol AAA Gz RFrt F553] =AA L AR
b FEE HEE A XU wFoldt. o] Y
g A4 25mm ball & AHE3E H$ Al
A& el o) A9 4 A =279
3ol mill S22 Pk 2] = o)k,
sodium acetate o] &4-&-& FEst o 1%7|

£ E7T olAe AR At

I xlo.
oA

Gelehe of §A4L EA FEHE KT
flaw K@ A7 S wAx = BHT

Jgel 842 WA FEol Au| =g,

7 UFE Aowd Bl 280 HA gx
2318 Adste #HTF FFo] dojd <+ gk
o] @42 12mm ball & A43 7 $x2r} 25mm
ball & A48 A 98 &9 (<28-1>,
<zZ#-3>) balle] ©t& balle] {4 128 =
71 1% &% 9¢2 8] 4o ball size s} =
o EFE, 9ol How HLs4E mowry
dA 7 A7k =7 F42 rolling A4
slipping & ¢e] &o]stA dejrde}, zejnzd
=3 o] sHF s Aol E=Aeltt, = ball g
slip ®-%o] spinning 5 e}ok 3= Fall E3
WALl YA EPe o ball $F Qo

n:[o{n

sodium acetate JEE2} mill FEEE(LY 2

HEERRM

vt AFE ZaAdle 20 Hol Wi A
23] Atz 744 S 4 ghdh tumbling mill o)
9] £4) mechanism & abrasion 0]‘ 1} chipping
2rte impact of €3 Re] djRojzdzm duk
Moz dx UAd MHE#E ol impact
| 9§ a4 nch abrasion o] o)g a)e] A

ol 0% dFE & Ao Aggoze
f& flaw 9] network &
Z3kA gieh

FHAA 24 $EE ¢

V. #& Er
1) sodium acetate ¢} 722 M= =235}
B AL gaAdE 9T g 24
2] A FeYl et Sl A
= Z71A 7 <.

fo

2) ¥4 &% &Ifﬂi T T ' HAAY
HA = %-ﬁ‘_—z}%" Wz} T ¢ JE AR
il = Hzg

3) mill A9 A4 242 AAAY F4
Evto] AASE AL Qloh. 2RALE 7]
Aol #pFA flaw network 44 & AAZ AL
& o) o}

4) AAAE A A JAAR 4
b B s = S 7
7]

AT RS
2o whe} ] o Fol ok

G NS AR 8

=
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= £ =24 F
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