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Abstract This study intended to manufacture high quality cement, such as solving the quality problem
of cement which has been emerging recently, along with improving grinding efficiency. To this end, the
synthesis of melamine-functional pulverizing agents and the physical properties of cement applying
them were reviewed and the reaction was carried out by dividing the melamine airborne compound into
three stages of polymerization using methylation, sulfonation, and acid catalyst to improve the crushing
efficiency of cement clinker and the physical properties of manufactured cement. The obtained
melamine type copolymer was applied to the grinding process of cement clinker. And it's grinding
efficiency and compressive strength were compared with DEG(diethylene glycol) and TIPA(triisopropanol
amine). When it comes to the grinding efficiency, by lowering surface energy with stable adsorption from
organic polymer to cement particles, the fineness showed 4-6% up. In the meantime, the compression
strength hiked 30% from its initial strength compared to the conventional DEG. At the age of 28days,
the strength showed approximately 13% improvement. Therefore, it is confirmed that the overall quality

has been elevated in comparison with the conventional one.
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A3 ARSI lck. Avko] BEAjxA| HrltogE Ba
T ol oflvx] Fgo] AGHEE /AH wet &
H2A= g9 2 2Zo] ZR3FE AHE Fol
BFY 5olA ol &E] gt 53] 5EH|7F A I
9] ok 50 %E AX|oh= AIHE AH49] ¢ 22t
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Table 1. Chemical composition of materials

HAE =EA1712 TH9, 101

oA 2 Ao BEEE YT tEo] H2
QFEI = AMES 4 24 oiE 5 A6E, 1F
29| AHEE A z51a1A} 5. ol H5te] d43H
Q1 @2t (melamine)2 Y#FA(monomer)Z 3}
I, AHEYARS] AT && Z8o] {olstes ol
EA7|(-OH)E  Fofote] HWEE HEt(methyol
melamine)< 4513 o170 AHE A=) F-54
S FA717] Ysto] B9l £EA|(SOM)E 18
Az W EYgTes B4 589 Y, AIMES] F=
F3lo] 7ha3t WA FSHAE F/5t ol H&
gt AHES] 25, AEEEE, 1548 2 AFHe

Z 433

2. J_I__E_II- StA Ol AlS]

2.1 M8 M=

211 12X S T

AHE EHz2A 98 AR thadt 22 A=
£ AR&ste] ST A S AXA Zal ARSI

& (melamine, FW 126.12), Z2@¥(formaldehyde
37% sol., FW 30.03, d = 1.090, Fp 56C), ZoF4ta
THsodium metabisulfite, FW 190.11), &ThdeAt
(sulfanilic acid, 99%, FW 173.19), p-EFq&atd e
AHp-toluene sulfonic acid 99.0%, FW 190.22, mp
103 7106T, bp 140T, Fp 180T), NaOH (sadium
hydroxide 50%, FW 40.00, d 1.515), oMHEA
(acetic acid, FW 102.09, d 1.080, Fp 48T, bp 13
87 140C)& AMESH] F/4S APskArt

ESHHRS 5 25k sulfite 0|22 RS SA9)
7] §I5t] Merck Co., Ltd.9] sulfite test kit (4 &
9l 10~400mg/l SO5™)& AMgdte] FAlst whg
(sulfonation) J=& ERIstR o, A& £ & &
= 3% dA0IA ¥EES pHE F75H] flstd
Merck Co., Ltd.9] pH test kit(Z% HY: pH 0~6.0)

—

Chemical Compositions (%)
Materials
SiO2 AlO3 Fe203 Ca0o MgO SO3 Na;O K20 Ig-loss
Clinker 22.2 5.82 3.10 64.5 2.40 0.60 0.54 0.20 0.64
CaSOq * 2H,0 3.33 1.15 0.25 31.8 - 42.6 0.47 0.10 20.3
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Table 2. Various synthesis conditions of Sulfonated
methyol melamine copolymer

Sample /M /M Polymerization
Name oH
—Bs 50 085 2
T 075 3
— s 0 085 g
Vo 055 3
F/M" : Formaldehyde/Melamine

s/M? : Sulfate/Melamine
2.2 A SFEAQ e
Wepal wpeh mEYtol=2ke] WS A7)

5o 9Jsf g/dd HE]E HWatvlo] Fol2of gt QH
St 532 B4 9 A BolE fsto] FolshAkATt
(sodium metabisulfite, Na;S$,05)5 Hehql tiH|(S/M)
A EH|R 2Eoto] &&EI} vhE-S YstATt.

&Zotd HElg @eirlo] <Y 4Ksulpanilic acid),

p-EFA&EX YA p-toluene sulfonic acid), OFHE
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AHacetic acid)& AF&M(acid catalyst)Z pHE 4.5,
5552 2FstHA Fo& A5ttt ¥H2%= 80 C,
HESAITRE: GAIZEC R Sto] EAT|sto] =g} Watylat
o] HI(F/M = 3.0, 4.0, 5.0) & &EA} o] 23} Hajula
o] H|(S/M = 0.75, 0.85, 0.95)°1 9Jsf F=olzl F3
AE FASPHEE(S0 % NaOH)E ARE8to] pHE 8.5
2 Aoty YAAI7IEA B S8
Table 201 Sulfonated methyol melamine copolymer
9] = g thFel R4 Fig. 19 HE BEE
9l sulfonated methyol melamine T2 125
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Step 2.Sulfonation
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Step 3. Polymerization & Stabilization

—_—>» H OHZCHXN\( YNHXCHZ OH

NHXCHZSO3 Na*

Fig. 1. Synthesis scheme of Sulfonated methyol
melamine copolymer
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Fig. 3. Mini slump test of cement paste
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Table 3. Blaine test of synthesized copolymer

Catalyst

Sample Sulfanilic acid p-toluene sulfonic acid acetic acid
Name Blaine (af/g) Blaine (ar/g) Blaine (ar/g)

10min. | 15min. | 20min. | 25min. | 10min. | 15min. | 20min. | 25min. | 10min. | 15min. | 20min. | 25min.
DEG 1,095 1,986 2,869 3,466 - - - - - - - -
TIPA 1,062 1,855 2,864 3,362 - - - - - - - -
M374 986 1,562 2,366 3,069 966 1,605 2,466 | 3,122 922 1,432 2,256 2,866
M375 965 1,756 2,766 3,102 976 1,723 2,728 | 3,126 983 1,785 2,731 3,142
M384 920 1,766 2,806 3,009 931 1,771 2,833 | 3,088 955 1,800 2,872 3,109
M385 890 1,695 2,861 3,202 896 1,683 2,892 | 3,272 906 1,715 2,961 3,303
M394 1,002 1,806 2,869 3,106 1,013 1,822 2,905 | 3,156 1,051 1,872 2,896 3,175
M395 998 1,821 2,865 3,110 1,060 1.872 2,926 | 3,108 1,023 1,855 2,896 3,158
M474 1,066 1,896 2,902 3,562 1,078 1,846 2,928 | 3,498 1,093 1,906 2,955 3,512
M475 1,036 1,923 2,956 | 3,602 1,031 1,985 | 2971 | 3,672 | 1,106 1,993 2,987 | 3.653
M484 1,010 1,995 2,982 3,598 1,008 2,008 3,009 | 3.605 1,038 2,006 3,072 3,628
M485 1,063 1,898 2,966 3,469 1,052 1,926 2,942 | 3,499 1,103 1,928 2,896 3,492
M494 1,106 2,062 3,005 3,506 1,160 2,105 3,012 | 3.555 1,136 2,085 3,025 3,573
M495 1,122 2,088 3,086 3,568 1,138 2,138 3,123 | 3,592 1,189 2,138 3,125 3,609
M574 1,023 1,956 2,956 | 3,468 1,062 1,996 | 3,112 | 3,518 | 1,036 1,912 2,905 | 3,405
M575 1,022 1,869 2,912 3,492 1,058 1,909 2972 | 3532 1,009 1,909 2,901 3,417
M584 922 1,902 2,888 3,326 908 1,913 2,908 | 3,356 953 1911 2,908 3,406
M585 844 1,765 2,823 | 3.300 874 1,777 | 2.855 | 3.346 893 1,805 2,926 | 3,422
M594 892 1,856 2,765 3,265 881 1,850 2,815 | 3375 922 1,922 2,805 3,312
M595 906 1,911 2,806 3,308 929 1,929 2,853 | 3,298 935 1,953 2,948 3,371

e 9 ZAREo] 1097 12.6%% Rt 2 AYE W Table 4. Residual rate test by the 45 m sieve

ERSIch Ea F/M=49]
Aze] QPst Eo

AF 71 EAS] AHE
2 surface energy?] T4Z
=2 2UE 9 7.8710.1%9 B2 ke 2AE Ho
7P dE 24 382 UEh
9 Z23E v R 2 G832 HolA Hg&
Wty g/gdol A 22 9] "epdld} hydroxyl group¥te]
EH](mole ratio) & 4(F/M=4)%] ZACZ AlREH, &
E4e] HlE-2 0.85, ¥H& Al A pHe 459 o 7+

o

4 9% 24 B Uehiglct
32 2D 22 U 24

Az AME Z2te] SEEH BAL 98] 4Un
=22 9 A7 BE SAFS AL 1 AnE
Table 59 Lrehfglom, AMIE HolAEe] SHx &
2 9 £4% ANE Fig 5o vERigT

Residual rate by the 45 im sieve (%)

513:1;1: Sulfaflilic p*tol-uene- acetic acid
acid sulfonic acid
DEG 9.8 - -
TIPA 10.2 - -
M374 13.8 12.6 13.1
M375 14.6 13.5 13.9
M384 15.1 14.8 15.2
M385 14.3 13.2 14.6
M394 14.8 15.1 159
M395 13.5 14.5 14.3
M474 8.8 10.2 9.5
M475 9.8 10.3 10.6
M484 7.8 11.0 10.2
M485 9.5 9.5 9.1
M494 10.1 10.3 9.9
M495 9.9 9.4 10.6
M574 11.6 10.9 11.2
M575 11.3 10.5 10.2
M584 10.9 11.2 10.2
M585 12.5 11.9 13.1
M594 11.8 12.2 10.9
M595 12.6 13.3 12.5
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Fig. 4. Residual rate by the 45 ym sieve of synthesized
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Table 5. Slump flow test of cement paste

Sample Slump flow (mm)
Name 0 min. | 15min. | 30min. | 45min. | 60min.
DEG 182 167 155 146 133
TIPA 178 162 143 130 115
M4745" 188 171 162 151 146
M4758 180 168 159 150 138
M484S 189 176 168 159 151
M485S 183 170 162 153 146
M4948 186 173 162 151 142
M4953 185 176 157 143 136
M474S"7 : F/M=4.0, /M= 0.75, pH=4.5, S=Sulfanilic acid
e A f7| 2R Ae 27| ER AE

A (dispersing  group)Ql &ZA7]0l| Qlgt AJHE

AR by BAF EAo & 180mmolAte] ATE U

BRI, A7Fe] Aol 2 Y &4 HEE

ﬂ‘ﬂ TEA 2 W hydroxyl group?] Z234ete] 4=
423K hydrogen bond)¥ &5 Z&(wetting effect)

Oﬂ ofgt A% M3t ANtE YiHoE 9T A
2 387 49mm=E F2 ZHE YERIH

1_

131

180

160

140

Slump flow (mm)

120

Time (min.)

Fig. 5. Slump flow and loss of cement made from
synthetic organic polymer

SE7F AH o2 wol BofE M494S, M495S

9] AY w2 27| E4bo] 2 &9 Z &Hol 24 1A
stom, EEAT|7L @A Foj' M474S, M475589] 7
& 7] BAE T vHsiolou A og Exjgo] 1
2 EA4oR TEA A9 S 9t SHIE 42
A vehTh

AE A71EAL F M484S9] 79 AEsE hydroxyl
group®| ——]O]' Ao 4 @_?J‘(hydrogen bond)
I} HFaA&(wetting effect)ol] gt A b3t ax

o —,—'\}7] 9l EEA0) ot 27] B4 Eo &2 2
e et o] Z3k= A9 hydroxyl groupt
9] £ZA19}9] EH](mole ratio)ol] W §7] &=}
9] 4=l oA 9] Hgog Qlste] AHE JAt9] S
A& s, AHE YRjof] 2ol ARl YA

vk (static repulsion)S ZYAIZIE &3E whE
ct.
3.3 REEIE A=UT

Table 63} Fig. 6 4E 711842 AHE &

ST 4L Ve Z o= 27 Y 19004 g9
F71EAL9] 4 822l DEGE 10.3MPas] 2=
Uehd 8Hd, 3 AR BF 1097 13.2MPa9] Z2E
Hoj oF 5728%9 Ak Zd IS YeEpfolct E3
7154 A9l TIPAY 12.1MPa thH] M484S9] A9
oF 9%9] A FHAINE YERfICE
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Table 6. Compressive strengths test of synthesized

copolymer
Sample Compressive strengths (MPa)
Name 1day 3day 7day 28day
DEG 10.3 22.2 34.8 47.8
TIPA 12.1 25.6 37.5 50.9
M474S 11.8 23.8 35.8 49.2
M475S 10.9 24.7 36.2 48.8
M484S 13.2 27.1 39.8 53.8
M485S 12,5 26.8 38.5 52.6
M494S 11.8 26.6 37.3 51.9
M495S 11.2 259 37.0 52.3
ol2fgt it AFo] AArE AHE o] A1
of o3t 27] +3PYER] oNETA] Eettringite) 2]
- AW|o]E(monosulfate) 2290 HEkd} AHE 3
2799 LO|ECS, Alit)d] ZE  AAlE

(Calcium Silicate Hyd-rate) $3}=29] AFdolo] 9
3t ¥loz QI8 yeht Aoz ot

60

w
o
= 554 — 28 days
@ 50 v /
£ Y .
o
2 45
2
» 40 7 days
g
% 36 e AT .
2 30
:E:. . 3 days
* o—»
§%] e

20
154

10

T T T T T T T T
DEG TIPA M474S M475S M484S M485S M494S M495S
Sample Name

Fig. 6. Compressive strengths characteristics of
synthesized copolymer by age
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