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Abstract: In our current study, the hydration reaction of tricalcium silicate was introduced into the preparation process of
composite fillers, the reaction type inorganic fillers that can crosslink with cellulose fibers were prepared with the use of a
planetary ball mill, and the structure and the properties of fillers and the paper filled with the fillers were characterized. The
results showed that tricalcium silicate and microfibrillated cellulose (MFC) could form a two-component tricalcium silicate
MFC composite with a positive potential value during the grinding process, then adsorb ground calcium carbonate (GCC)
with a negative potential value, and finally form three-component tricalcium silicate MFC/GCC composite filler containing
hydroxyl groups. The retention rate of composite fillers increased by 17% compared to traditional GCC fillers; the fracture
length of the paper filled with the three-component composite filler increased by about 20% compared to that filled with
GCC/MFC composite filler when the grinding time of the filler reached 20 hours.

Key words: composite filler; tricalcium silicate ; hydration reaction ; paper properties

528K
T, My, AR, 4E. REIR AT EF L L 2 R/ 5 U RS A A IR Al £ S LR RE (0], SRR Rt ik,

2024,39(1) :22-29.
WANG Y P, YU J, WANG J T, et al. Preparation and properties of tricalcium silicate-MFC/GCC composite filler [J]. Journal

of Tianjin university of science & technology, 2024 ,39 (1) : 22-29.

AR E — RS AU B A LRIk HRACAIE TOK B TCHLIS AR , J2 485K s EREFE S

KB 2023-04-07; fEEHH: 2023-05-30
EEE T T (1997—) , 5B, KA, WiL0F5E; BEEE: & B, #d, liqun@tust.edu.cn



2024 42 A

FBP, S5 BRI AT AR R TR S A R ) # B kg - 23 -

SR T AR A I ART U T 4Rk
[ PERERT | EDRIE P | S DIk e iR AT L
PR AR AE ARHIL IS A 8 K PERE , AT FEAEG Fa K i 1)
B, BT ACHL A RO L, IR BRI
¥ 4G AR A RERE | FRACAA A RCRT (B, T4t
ORI 2 BRI B [, PR it e
RCR TR, BRI TR R | s OBIOR S, DL ARHL .
D G A5 o 2 P A

IR £ 4k & (microfibrillated cellulose , MFC)
SE— TP LAAE £ 2 Ry ok 25 0 B Aok RS i £F
4 S I T BUR 7B LN A= <IN EF /) L £
M2 22 10 A T 2%, MEC ELA S pLReE B | K EE
TR B RKAR L | PR | AT AR A S
I MFC XEDRRES T elc T DA IRDRF 228 , 3 IRk
FIRF, [EEF MFC 30 0] DISEARCTREF 2k (] (1) 25 B
TR ERH B 2 3 A LR MFC A
T J ik iR #5 (ground calcium carbonate , GCC) H fifi
GCC K28, ol U R Mok it 81 25 R U0

TER =45 (Ca3SiOs) &= —Fh LML AT, S rik
R AR AR I T2 4%, Ry 1 AN PR SR
BEAPRH B s AR R =4S S
IR DA A ARAR RN, AR R R R 7K U Hh ) At B
LR AR Tl R A P kAl R K R
TR IR A A B 3 8 DR P2 o T A R B A
FERR — 45 5 7K A A= 7K A SO 2B B EAT AR 28544 1 7K
A A TS 5 i PN S A 5 AR, Bl SO 2R T, KAk
RERREGBENL R AL, B B EAT Tl LA — 2 i FE 1 Bk
KA RE RS o ASBF9Y DARERR =55 .2,2, 6, 6-POH
SEWRIE A AL YI(TEMPO)E AL LT 4E . GCC sttt Kefi:
MR =5 KA SR | AR 28 2 b, SR A
Jof il 55 R ARER AT GEEA T SR Y Sy BUIEDRY, fiIE
FHIA 2 5 1 BA A T S AR I A 5 47 () 4y 24
PERE, NI ARy X T B st o

1 RS

1.1 ERSEE
MR AREREL I , ELPE SUZANO /3] ; GCC (ki
25 0.3 mm) | MIEESL L, TOlgR, RAFHEE
BN B R =45, Tk, 4 2 R Ab2E AT R
; TEMPO {1, 43#rali, fRifbARH4s (i) A
/NP2 Tk5 e S T (R W (57 0 o Na e
F A AT BR A H] 5 A TREN (A AR &3 =60% ) W

> BT R

A
]
/A

iR, RETTTLRAL TR AA AR S A, 55
Mrafi, [ 245 48 A A 27 alR A PR vl 5 TRABBR , Stiik 4l
] 245 4 A Ak 2 R0 A RS w5 BH B v by (RO EE
0.025 ~ 0.035) , REEAR KT MARAHE; HE RN
JTBERE , 3 Hral, REE T ROkl

TIX-450 B4 7 B AEREEL, KR AR Rk
RIBA PR ; TISBS25 Bl IKA 5 /3 HIAL , f
W ARAT]; ALPHA 121D RIELAS VR THEHL, 15[
Christ 23] ; No. 2505 %Y Valley $T3¢41, HA KRK
3 H); ZDI-100 FIFTHR BRI EAY, F8[E ESTANIT 2
F); RK2A-KWT BUFBACHL, B F] PTI 2] ; FE20
RUKE% pH 1. HE83/02 HUHis /K i e 4L , Fit -4
e —FER 2085 (1) A7 RS F] s VERTEX 70 U {d
AR 2T AP GIEAX, 782 [E A 50/ | 5 ISM-IT300
BRI T e, HASH TR &4t LS13 320 A
OBk EAY, £ E Beckman Coulter 22 F] ; DDA R E
AR, F e AAK A+ 5 100240V B Zeta
LAY, 5 AFG /A7) 97015 BUARESLf#HL . 250
RUAG 5K SR B IR . SE062 BT 5K # JBE I E X . PC
CTP-1SO B H I E YL, B dlt Lorentzen & Wetrtre 45
PR ] 5 2326 AU 25041, #%[E HERMLE La-
bortechnik GmbH AF] .

1.2 XWHE

BEER T s AR 1 R,
1.2.1 TEMPO &AL4F 4044 %

W10 g (48 T) Al AR R 36 T 1 IR AR A A I 7
700 g AKHRL 24 h, JiIA 0.1g TEMPO 5l 1¢
AN, BEFE 30 min; A 0.1 mol/L AYERERIE T A £
pH % 10.5, N 90 g YHEARREAE (pH 4 10.5) )L
I 4h, SNSRI 0.5 mol/L B A AL SNV 5
FHAZR pH B 10.5; SOW 5 o2 e 81K
VEIRBOR Z Tk, TEMPO A 2R 41 45 58
122 GCC/MFC H_&-3ik w4 %

R GCC(Es il 20.19.18 . 16¢) .
TEMPO FAbZ4E (il 0.1.2.4g)  RNHIR
B (B InEER 0.025 g) (ZEIR/K (A 30 2) A 4
R UFR L IREREEE (WS B SR) h, fHT T
AEREEMLIEA TGS , WFESES R 5,10, 20 he ff T
I S I A 2 A R IKA 1 353 HOL 3 B
157, 12 41 GCC/MFC &2 A SEORH 8 5E i o
123 B8R =45-MFC/GCC £ &34 &

¥ 5 g iR —45.5 ¢ TEMPO %A fbeF4E 40 ¢ 7%
TR A SR DU S M 3R B e (RIS A o Ry ) oy, fuff



e 24 -

FAA TR A BREE DS 20 ho {5 3 43 B A A5 21 1)
KT IKA & E S EWLEEY 5T, RERR — 45—
MFC &5 56 M. TR 3 ~ 4 mL iXFE
FERGSR L, Y R TR LR T T8, Z A T4L
ARSI

435K GCC (Il 10.10.9.5¢) . TEMPO
FALLFYE (AR 10,.5.5.5 ) BERR =45 (Bt
J0.5.5.5¢) MIEERE (BSESY 0.0.1.5g) .

AEHEAREEE H398 F1

RINFIREN (FINHER 0.025 g) IMA 4 NEIUGR I
BRI T (RIS A o R B 2R ) HP ol 1A 7 A R s A LA
20 h i 0 D99 4 2 Aff B A5 B (R DR T IKA 1
PB4 B A0, A 9T i 28 R TR = 45—
MFC/GCC & &R 25 78 i, HIWAE IR 3 ~ 4 mL
HORNRTERS SR I, (I R TR AL T 48, 205
BIZREAR ]Sl a8 i

B1 #HEB=$5-MFC/GCCEAEMH&EREZR
Fig.1 Flow chart of preparation of tricalcium silicate-MFC/GCC composite filler
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Fig. 3 Scanning electron microscope images of hydrated
calcium silicate MFC composites
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Fig. 4 Particle size distribution of tricalcium silicate-

MFC/GCC composite filler with different TEMPO
oxidized fiber additions after 20 h grinding
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TE/KIEI T TEMPO AL 4EF GCC LA h
FE, TEMARERR — 450 TIFEE J | H Zeta FLA AR
IR 2,

®2 AEWERE.ARE TEMPO S F4RTMENR
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Tab.2 Zeta potential of reactive fillers with different
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ViSLyiERN
kR —=45/GCC R}
FERR = 45-MFC (5% ) /GCC K418k}

FERR = 45-MFC (10% ) /GCC & & 120k
FERR =45 -MFC (20% ) /GCC & & 120k

Zeta {7 /mV
5h 10h  20h
-14.78 -7.01 16.89
-13.73 -9.17 12.38
-10.77 -10.77 0.00
-20.98 -18.68 -14.36

RERR —#5/GCC B A BB 5 RERR —45-MFC (5%) /
GCC KA ERIEREE RS, SR Zeta HL A7 i (BT
AR IEAE, HEsZ A5 16.89mV | 1238 mV,
ULPHAESECRHA R b, S P RHEDR M ) F 56 R BT —
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o R B [ ) S AR A5 A R i ) 2R o it SRR
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A7 3 R A 0 £ 2 v i B SRR o DR, FE B
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HL M IE BRI A S 8 R . h AR AIH
L R AR P G B R ELA R 2R e, DRt
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Tab.3 Retention rate of GCC, tricalcium silicate-MFC/GCC composite filler with or without the addition of retention and

filtration aids

HRH R WEER /M BURPRASam RIS BEF B2 A B R B 3 %
GCC 20 3.4 312 76.7
GCC + 10% TEMPO EAb L4t + iR — 458 53k} 20 15.9 38.7 89.5
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Fig. 5 Effect of added composite filler on paper breaking
length
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