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Effects of paper mill residual additives on sintering
and melting characteristic of wheat straw
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Abstract: The effects of paper mill residues ( delinking sludge, paper mill sludge, municipal sewage sludge)
addition on slagging tendency of wheat straw were investigated using ash melting point test system, X-ray
fluorescence (XRF) and powder X-ray diffraction (XRD). The differences between other 4 common additives
were also discussed. The results show that addition of delinking sludge and paper mill sludge behaves better than
municipal sewage sludge in blending range of 3% to 10% , while softening temperature of wheat ash tends to get
the highest value when adding 5% paper mill sludge. Along with the blends increasing, Al,O, plays an important
framework structure modification role while adding paper mill sludge. While generation of feldspar such as
orthoclase and anorthite takes place, the softening temperature decreases. In addition, silicon aluminum garnet is
more likely to form to enhance the fusion characteristic temperate while adding delinking sludge. On the
contrary, formation of high melting point material ( CaSiO, ) inhibits low melting silicate by adding paper mill
sludge. Components analyses indicate that crystal structure of SiO, is changed along with municipal sludge
added. Sludge used as anti-slagging additives is promising.
Key words: wheat ash; additives; delinking sludge; papermaking wastewater sludge; municipal wastewater
sludge; sintering and melting characteristics
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Table 1 Ultimate and proximate analysis of wheat straw and paper mill residues
Ultimate analysis w,/% Proximate analysis w,/ %
Sample "
C H N S (oM \% FC A

WS 41.63 5.84 0.92 0.17 41.49 70.95 19.1 9.95

DS 20.48 1.86 0.23 0.08 25.11 45.15 2.61 52.24
PWS 19.99 2.52 0.93 0.21 21.14 38.25 6.54 55.21
MWS 24.88 3.32 3.97 0.73 9.95 38.15 4.7 57.15

" . by difference

WS Wheat Straw; DS Deinking Sludge; PWS: Papermaking Wastewater Sludge; MWS; Municipal Wastewater Sludge
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Table 2 XRF and XRD analysis results of wheat straw ash and sludge ash
WS DS PWS MWS
CaO /% 7.48 76.99 57.26 5.24
ALO,/% 0.67 6.52 19.48 22.34
Si0,/ % 52.95 11.92 13.83 42.40
MgO /% 3.98 1.81 1.64 2.53
TiO,/ % 0.05 0.85 0.51 0.81
SO,/ % 4.38 0.44 1.51 1.27
Fe, 0,/ % 0.6 0.62 0.55 8.04
Na,O /% 0.61 0.49 0.54 0.33
P,05/% 2.14 0.14 4.39 14.56
K,0 /% 19.09 0.11 0.20 2.45
Cl /% 8.05 0.09 0.09 0.01
Main CaCo, , SiO,(quartz) CaCo,
crystalline phase . . Si0, (quartz) ,
KCl, SiO,(quartz) , MgSio,, (Mg 6, Cay 43 ) (CO;) , AISi.O
KAISi, Oy, CaAL(SiO,),, MgSiO, , Fe,PO, e
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Figure I  Analysis of sludge mixed ashes’ melting characteristic with different blendings
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Figure 2 XRD analysis of sludge mixed ash with different blendings
(a): WS-DS 1: KCI1(28.4°); 2. AIPO,(26.6°); 3. KNO,(26.9°); 4: K,SO,(30.3°); 5. CaSO,(25.4°);
6: CaMgSi,04(30.9°) ;7. CaSi0,(30.0°) ; 8. CaMg(CO,),(30.9°); 9: SiO,(ceosite) (28.9°) ;

10; Ca,MgSi,0,(31.2°); 11

. KH,PO,(23.9°);

12: KNO,(29.4°)

(b): WS-PWS 1: KCI(28.4°); 2. SiO,(quartz) (26.7°); 3: CaSi0,(30.0°); 4: CaMg(CO,),(30.9°);
5. KNO,(26.9°) ; 6: K,MgSiO,(32.6°); 7: Ca,Si0,(32.9°); 8: SiO,(ceosite) (28.9°) ; 9: KAISi,04(26.7°) ;

10: Fe,Si0,(36.6°)
15; KHCO,(31.7°) ;

(¢): WS-MWS

; 11; CaAlSi,0,(28.6°); 12

1. KCI(28.4°); 2. SiO,(quartz)

16: KPO,(26.1°);

AIPO,(21.0°) ; 13: KNO,(29.4°); 14 K,S0,(30.3°) ;
17. KH,PO,(23.9°) ; 18 CaCO,(26.2°)
(26.7°); 3. AIPO,(26.6°); 4. KFe,(PO,),(28.8°);

5: KAL(OH)(S0O,),(30.0°); 6: K,CO,(31.6°); 7: SiO,( cristobalite) (21.8°) ; 8. SiO,( ceosite) (28.9°) ;

9. MgSiP,(27.5°) ;
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Table 3 Composition of mixed ashes at characteristic temperatures of wheat ash

Content w /%

t/C CaO Al O, Sio, MgO TiO, SO, Fe,O; Na,O P, O; K,O Cl
WS ash 835 7.87 0.81 55.88 3.07 0.07 0.88 1.08 0.59 1.88 19.91 7.94
990 8.59 0.85 53.31 3.10 0.07 1.47 1.33 0.67 1.59 19.83 9.20
DS ash 835 32.74 5.85 37.84 2.41 0.36 2.85 1.06 0.56 3.56 9.89 2.97
990 39.96 3.76 34.50 2.98 0.41 2.33 0.76 0.48 1.56 9.63 3.61
PWS ash 835 28.65 9.46 37.63 2.35 0.26 3.06 1.00 0.54 3.45 10.34 3.25
990 32.94  10.15 34.88 2.96 0.31 0.88 0.77 0.42 3.75 9.44 3.49
MWS ash 835 4.16 1.21 34.48 1.40 0.07 0.11 1.04 0.32  47.09 9.99 0.12
990 6.81 10.77  54.03 2.66 0.42 0.28 4.31 0.50 7.85 10.99 1.37

835 C Fi5JeiR K XRD % WK 3(a), M KAISi,O,(27. 3°) , AIPO, (21. 0°) ; AIPO, 7 & [%
3(a) ATAL BELSIR B N ZF K EZAAAE KCL A9, K, ATRE S 70 A G
AT B KA (KAISIO; ) 85K A7 (CaAl Si, 04 ) Fil XFLGER 2 FE 3 AT LA a8 TG e s Bl
CaAL O, SFW I, MMAMBETGRIG,KCl dhik & & HIRETE,CaO BB 5 Al0,.Si0, KA an=(1)
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Figure 3 XRD analysis of sludge mixed ash at characteristic temperatures of wheat ash
(a): 1: KCI(28.4°); 2. SiO,(quartz) (26.7°) ; 3. SiO,( tridymite) (29.9°) ; 4. KNO,(29.4°);
5: K,S0,(30.3°); 6: KClO,(26.1°); 7. Ca;Al,Si;0,,(34.3°); 8. Ca,Mg(Si0,),(33.6°);
9. AIPO,(26.7°); 10. KAISiO,(21.9°); 11: Si0,(20.9°); 12, Ca,SiOs(31.3°);
13, KAISiO4(21.4°); 14, CaAl,Si,0,(26.8°); 15.: CaAl,0,(35.6°)

(b): 1: KCI(28.4°); 2. SiO,(quartz) (26.7°) ; 3. SiO,( cristobalite) (21.8°) ; 4. KNO,(29.4°) ;
5: K,Ca(CO;),(27.9°); 6: K,P(31.5°); 7. KAISi,0,(26.3°); 8. K,S0,(30.3°); 9. KPO,(25.6°);
10: CaMgSi(33.3°); 11 CaSiO0,(30.0°); 12 Ca,MgSi,0,(31.2°); 13 Mg,Si0,(36.3°) ;
14, K,Si,04(31.8°); 15: KH,PO,(23.9°); 16: SiO,(coesite) (28.9°); 17. KAISi,0,(27.3°) ;
18 AIPO,(21.0°); 19. CaAl,Si,04(26.8°); 20. CaAl,0,(35.6°); 21: Ca,Si0,(32.4°)
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