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(Grinding Aids for Portland Cement Clinker by Waste
Vegetable Fatty Acids And Grinding Characteristics)
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Abstract

For the purpose of increasing the quality of products and reducing the grinding cost of cement
clinker, some aids were studied. Some of common grinding aids, such as Ethylene Glycol,
Diethylene Glycol, Triethanolamine and so on, lead to the environmental pollutions. As the above
reason, it is necessary to develop a new grinding aid to reduce the usage of such toxic aids. A
study was conducted with the grinding aids made by adding some materials produced as by-products
from the fats and oils factory. The resuits are as follows :

@1t is good for using each of grinding aids in the state of dilution, and 0.03% of the usage has

a good efficiency economically.

@ All of the DEG, S-3 and S-4 have the Blaine value of 3, 100cm®/g after 30minutes.

(® S-3 and S-4 had the best particle distribution, and S-3 had superior grinding efficiency.

@ S-3, S-4 and DEG in order had a good effects on the compressive strength of the cement

mortar.
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{2@8-1> The Structure of Agglomeration.

Useful Grinding Aids"

(FE-D

Grﬁg‘s“g hs’lt‘;fcct‘:}f; Solubility | m.p. (C) | b.p. (0)
DEG |HO(CHCHO)H | Easy | -105 245
EG |CH,OHCH,0H o 15.6 198
PG |CHCH(OH)CH,OH| Easy -60 | 185/8mmHg
TEA |(HOCHCH,) N o 20 p77/150mmHg
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(13-2) Dipole Bonding Model.

— 27 —



Composition of Grinding Aids

F2 (Bf7 : wt. %)
Raw Material | DEG | S-1 | S-2 | S-3 | S+4
Diethylene Glycol} 100 -~ 27 - -
Stearic Acid - 41 - 49 39
Ethylene Glycol| - 17 - - -
TO-30 - 41 72 49 39
TEA - - - 2 10
NaAlO, - ~ - - 15
etc. - 1 1 - 7

Chemical Composition of Starting Materials

(F#-3 (BAfz : wt. %)
Sample | Si0, | ALO, [ Fe,0, | CaO | MgO | SO, |Ig.loss [F-Ca0
Clinker {22.20 5.82 | 3.10 |64.35]| 2.40 | 0.60| 0.14 | 0.98
Gypsum | 3.33] 1.15 | 0.25 {31.80| - |42.60) 20.32 | -
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Specific Surface Area by the Grinding Aids & Times
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Specific Surface Area by the Grinding Aids & Times

{FE- (Efy : Blaine, cm’/g) {FE-6) (4 : Blaine, cm’/g)
Time Grinding Time Grinding
Samplef Min) | 20 | 25 | 30 | 35 | 40 |[Efficiency Sample| (Min) | 20 | 25 | 30 | 35 | 40 [Efficiency
Add (%) (%) Add (%) (%)
Plain - 2,068 12,350 {2,736 | 2,960 | 3,070 - Plain - 2,068 12,350 12,736 | 2,960 | 3,070 -

DEG | (.01 12310{2740{3,130 {3,450 3,680 | 28.40

S-1 0.0 2168 263029603190 3,500 20.10

DEG | 0.05 {2.550129201{3210{3,5013701] 3170
S-1 0.05 |2190 269012970 3330|3610 23.10

S-2 0.00 2312126362890 |3270350 20.8

S-2 0.05 1241027903120 | 3,450 | 3,780 | 28.20

S-3 0.01 {2350 {2770 {3,100 | 3,400 | 3,680 | 27.50
S-4 0.01 [2,430 2,770 {3,070 | 3,380 | 3,580 | 26.30

S-3 0.05 {2,380 2860 33003650380 32.90
S-4 0.05 [2,490 2,770 {3,090 | 3,390 | 3,640 | 27.10

Specific Surface Area by the Grinding Aids & Times

Specific Surface Area by the Grinding Aids & Times

E-5 (Bify : Blaine, cm?/g) GFE-D (B8fy : Blaine, cm?*/g)
Time Grinding Time Grinding
Sample| Min} | 20 | 25 | 30 | 35 | 40 [Efficiency Sample| Min) | 20 | 25 | 30 | 35 | 40 |[Efficiency
Add (%) (%) Add (%) (%)
Plain - 2,068 2,350 | 2,736 | 2,960 1 3,070 - Plain - 2,068 12,350 {2,736 | 2,960 | 3,070 -

DEG | 0.03 |2570 292032403560 3,80 32.70

DEG | 0.07 |2460 2830 (3,160 3,450 {3,730 | 29.60

S-1 0.03 |22302700]3010]3380|3630| 2450

S-1 0.07 215325332863 |3,215(3,52 | 19.30

S5-2 0.03 [2425)2830 (3,160 | 3,480 | 3,800 [ 29.60

S-2 0.07 223027003040 | 3,380 {3,730 [ 25.30

S-3 0.03 12,390 ;2,860 3,350 }3,680)3,980 ) 33.60

S-3 0.07 |2,350 12,770 13,160 | 3,430 | 3,800 | 29.30

S-4 0.03 249828003190 348013752 30.20

S-4 0.07 (23102600 (2960|3240 | 3,450 | 21.40
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{2¥-4) Grinding Times{(min) VS Blaine (cm?/g)
(Admixture 0.03%).
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SK Laser Micron Sizer 70008

Rec No. 1159 1162

Sample : Plain :8§-3(1:10)0.03%
Dp (25%) : 7.5um :4.6um

Dp (50%) ©23.6um 1 14.7um

Dp (75%) : 58.4um :37.6um

Specific : 8,438(cm?/em?) : 12,304 {cm?/cm?)

Surface Area
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{28-5> Particle Size Distribution of Plain and S-3
(0. 03%) .

FolA DEGE A& a2 Agsigt. S-1&
Stearic Acid 41%(wt. %), TO-30 41%< Eth-
ylene Glycol 17%& &8I oA & &8k~
o] W1 0.1%2] NaOHE ]2 3l "AA7tA
g A AElolA 150CoAA 3A7F HEEAIA T
.

o714 TO-302 Tall Oil2A HzIAe] #Ho
oZHEl AL Aol FAL Abietic Acid 50%,
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Foz SARIA AiE= AFS AL
S-2, S-3 ¥ S-45 FU3 WHOE FAIH *
HzA ABE AL
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- 5oin) @ AT 0.01%, 0.03%, 0.05%
2 0.07% AHg.
@ 2HAI 2 EFFF
< EAAZE AR
* Blaine &3 : o) A¥F 53 (20, 25,
30 35, 40%)

A qma}oq Rz 5}%;@4% o5 2ol
Asteie
¥4} &8 (Grinding Efficiency) A4t

ST-St

GE= ST

X]_OD ..................... (4)

o714
ST=%%7} E#A] Standard Line(3,100
cm?/g) ol E&sh= EHA2t (min) .
St= A4 7}A] Standard Line (3,100cm?/g)
o] E&dtE B A7 min).

4 21t H nE

1) x| 2MZHe Al2EE

A BHzAlY] AMEHE AR Yt 4
(3) & AMgstth E4) 2A| & Diethylene Glycol
& AHg5tE Blaine 2EEE 3,200cm’/g AEE
2 o HAE HIFL vhgd o] Ak

C=1.19X 10 X Say XM X p**
=1, 19X 10X 10*X106'*x 1. 12*#
=0. 06 (%)

Particle Size of Cements Added Grinding Aids
(£-8
Sample Plain | DEG | S-3 S-4
Mean Particle size(um) | 23.6 | 19.2 | 14.7 | 15.0
Specific Surface Areafcm’/em’)) 8, 438 | 9, 823 112, 30410, 859

Mortar Mixture

(€N (Bfr - g)
Cement Sand Water | Water/Cement (%)
760 1, 862 368.6 48.5

% KS L 5105. 44 AHE ®REel2e] 4245 AQ
W] wE

A71A Spe FAFEE0] 97 v EHEH S A
£3l= Ao fs} I Fe 3,200X3=10, 000cm?*/g
& T83th AAFAY S,y BlaineHe] of
397 oy ‘

A g 0.06%= % AWE o9 £45%F
& HUZE k= DEGY A7l gx|sicy. a3y
A Arlge 2 a&E HUE she Zol 53
o2 dA H7EFE FAA, 7iE 2R S ugsky
I 1/3 gol Fohn gEiA Utk weEld £ A9
olAe A4t gk 0.06%2 1/32 0.02%E A=
AERE A HMFo R gt

olg} ol RHZA AlE S-1, S-2, S-3 &
S-49] %ol M9 HF 2 DEG gEo &
#E 7K vk o 3 DEG gEoh ozt %—
#E& JeE B2 C 3t& DEGY A3 &L Ao
Fete] AMR%Ee DEGS e ZHo= Z%z}
0.01%, 0.03%, 0.05% 2 0.07%% Hrlstd A
FE Yo W BYFA ang ] 9
gl AHgE AMER ASe (E-DIY 2L 41
22 FAH o] ith

olAFT Z& oA HBIE F47]o] A},
B xA 2 A3 Flsty 2 & nEHAA
BEHEEE AT A= (&4, 5 6 DI 2
o (a¥-3»& 0.03% HF/NE W 2HELS
veld Zolth

(F-HE BHZA 0.01%S 27 Frsid 208
dlAl 4087RAS FHE Al59] Blaine & A
gt Aolth

oJ7)0] A Blaine 3t 3,100cm?/g& dol7be Al

e FH7Le HE 408 B¢ 2SR 1 Fol
zgslx] ®ah=d wisle DEGE 30%0] 2 £H
o] 1 go] GAEH S-3E FAR 2L E &
glch. 3bH S-13 S-2 2 S-4+= 358 FE 2P
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Chemical Analysis of Cements
(F&-10> (BEf7 : wt. %)
Sample | Si0, | ALO, [Fe,0, | CaO | MgO [ SO, |lIg.loss |F-Ca0
Plain [21.41| 562 | 2.98 {62.98]2.40 | 2.36 ] 0.99 ; 0.98
DEG.03%}21.43 5.67 | 3.02 162.91{2.43 [2.31§ 0.98 | 0.96
S-30.03%121.34 | 5.64 | 2.94 [62.96)2.53 | 2.32 | 1.02 | 1.01
S-40.03%[21.36 | 5.61 | 2.98 |62.87) 2.41 | 2.30 | 1.04 | 102
% KS L 5120. TEAE AW ESY 35N g mhE.
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Physical Properties of Cement Mortars Added Grinding Aids

(E-11>
Types of | added fineness setting time flow |compressive sirengthlkgi/cm’) | 28 days
grinding strength
aids (%) | Blaine (em*/g) | 8812(%) lini. (min) |final (hr) W/C %)| (%) |3days | 7days |28 days| ratio (%)
Plain - 3,100 0.9 210 5:40 48.5 54. 4 173 229 287 100
0.01 3,100 0.7 230 5:50 48.5 51.4 162 227 296 103
DEG 0.03 3, 100 0.4 235 6:10 48.5 49.9 168 224 297 103
0.05 3,090 0.5 230 6:30 48.5 51.6 163 218 296 103
0.01 3,100 1.10 240 6:20 48.5 57.0 150 210 286 100
S-1 0.03 3,090 0.90 250 6:35 48.5 63.0 150 205 283 99
0.05 3,110 0.760 265 6:50 | 48.5 | 66.0 145 195 276 96
0.01 3,090 1.00 230 6:15 48.5 58.0 155 213 287 100
S-2 0.03 3,100 0.80 245 6:30 48.5 61.0 160 216 296 103
0. 05 3,100 0. 60 250 6:40 48.5 63. 0 155 217 292 102
0.01 3,100 0.3 220 6:10 48.5 59.5 160 212 304 106
S-3 0.03 3, 100 0.5 240 6:20 48.5 61.0 161 215 297 103
0.05 3,090 0.6 245 6:30 48.5 65.6 156 218 304 105
0.01 3,100 0.7 220 6:00 48.5 56.1 161 222 293 102
S-4 0.03 3,090 0.7 230 6:10 48.5 60.8 160 222 302 105
0.05 3,100 0.6 240 6:20 48.5 58.7 157 210 307 107
T 5 frAbeltt. Bl agel ¢9E DEG>S- Aojrt.
3>8-4>S-2>S~1°]th (ag-5elA & 4 UKol EH=AE A
aEY ol ge HATAE 0.03% 0.05% S A9 msiy PAZAE B 3 5
0.07%% Y2 RHELH v RAAL 0w (B BE D vEEH SA Aol AR DR BazA
5 6, ol EolF= ule o] 0.01% Hrlgol £ a3t v @ 4 o S-32 ¢4
NE BHZAE A AW 38 wEst @ A4S dehn.

0.03%, 0.05%, 0.07% A7llAe Hr/las) 5
et 1% 0.03% H7Is Aol 71y & a9
ER 22 0.03%7} A9 Hrlgolgly wokd).

ES 0.03% HAMA ZHzre) I A)zte) n}
E Blaine g9 WalE FAsh 29 (a@-4)o] Y}
b uie} o] S-3, S-4, DEG #E7WAle] &3t
Blaine gtol H|xsht @A 8] solx 9= DEG
¥} S-37} Bl &L Blaine &< Jehjzz S-3
2 7% R ZAYe] AFHG

FAEA L H7FFE 0.03%% go BT F
SK Laser Micron Sizer 7, 000SE& Al&3led =3
T A HEY YEEIE (E-8d Ui

(-5 24 73471 2 BH2A S-3&
0.03% ¥ 245 AWMESY AAEEE Yehd

B xAe Mg BE AHE] vlsh
] A& qfolx|ut B 2A] IFEEo] AHE
AgWo] ol Foute-g X5 AME 4
of ofH JFFE nA=ItE TABIFTH

AMES) F3PHEL Ca(OH), C-S-H, Ett-
ringite, Monosulphate”} &t} B3 A|§& ¢
Eated 90t R T 3wbe& TG-DTA
(STA-1, 640B) = ZAGF v} {O#-6)elA R
= Hi¢} ol thgo] 440~450C RTolA Ca
(OH), W3l 93 < peaksF lov} 4 =4
Y B9 ¥R g2 B e ving 0 24x
Al 7ol 9 G FAY T YL AEE )4
ST B3 (E-1009 a%EN Ans o 9F
o] A9 s FAF F Urth

—32



Method
L Sample every 1.00 sec. Gas [1] B [off]

Ramp from 20.0°C to 1000.0°C at 20.0°C/min

SAMPLE ID : 1 CEMENT PLAIN
2 CEMENT D.E.G.
3 CEMENT S-3
4 CEMENT S—4 )
130 50
120+ 42
110~ ] —— e e = 34
2
100+ JlbPbonion——m oo o o— e ——r126
~ 4
g 90 -18
(]
£ 80 103
= Z
: :
E 70 1 -2
2
60 M\ 6
3 ——
50 4 --14
440.22°C
40 =22
30 --30
T T I T T T T T I T
0 100 200 300 400 500 600 700 800 900 1,000
Temperature (°C)
(7138-6) DTA and TGA of Cements Added Grinding Aids.
By zAe A Zrlshd NG Eihe .
R Z2A Q] Arige] FvksbE FEAA &% 0) EMEHE HIIS AHE DaElzo
HqyRow Py o FrlN Y RE % o £
o) AAFE A A E] FA GRS 2zAE Wolsl] mEAP ARES 22g
FAA 7= 283 G gAF ol BHx 2 HES (E-9Y o] vHEe] B84 BYE =
A7} gz = -0H, -COOH, -COONa & > Alsld o

C=0 radicalo] A|HE Iz} s EHe] 09} 4

22 YR} AFol= 45719 ether 2 AAZ o] FAA HAF
olu} -CH,-7} 98} Q7] wjEes dgEal 8} et dEd =
=5 A 2

(F#-10)2 A Foln
B zAE

e ERIEEES)

(FE-1DL AT
Bie} o] SAAIZ
7oA e BE 2
A7k AW W&o
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Grinding
DEG S-1 l $-2 s-3 S-4

(a8-7> The relative compressive strength of
cement mortars with various grinding
aids (compressive strength of plain mortar
is 100%) .
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