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Abstract: A new coagulant, poly-Ti-Fe (M-PTF), was prepared using a kind of waste acid filter cake
(WAFC) which was derived from production process of titanium dioxide as raw material. The microscopic
characteristics of M-PTF were characterized by SEM, XRD and FTI. And coagulation performance and
sludge properties of M-PTF in treating a domestic wastewater were studied using Jar test and fluorescence
microscope (FM), compared with those of poly aluminum chloride (PAC). The results showed that the
surface of M-PTF was composed of irregular and crystalline-like structures, and appeared to be rough and
polymorphous networks having larger surface area. At a dosage of 2 mmol/L, M-PTF gave 29% higher
organic matter (chemical oxygen demand, CODc,) removal than PAC, and had far greater sludge settling
rate at starting point (44 mL/min) than PAC (2 mL/min). M-PTF sludge was a sort of fluffy and
closely-connected catkins-like/cotton-like images with well-defined boundary and lower water content,
while PAC sludge almost was a sort of transparent loose flocs without well-defined boundary. In addition,
the sludge volume of M-PTF was much smaller than that of PAC, the water content of M-PTF sludge was
lower 1.11%~2.41% than that of PAC sludge, corresponding to its sludge reduction of 71.28%~84.38%
based on the sludge volume of PAC, which was largely beneficial to subsequent concentrating and
dewatering.

Key words: Ti; Fe; coagulant; microscopic characteristics; coagulation performance; sludge properties;
water treatment technology and environmental protection

Foundation items: National Natural Science Foundation of China (51808257); Shandong Province Higher
Educational Science and Technology Program (L15LG04)

ks HEA: 2018-07-03; EFAHHA: 2018-11-21; DOI: 10.13550/1.jxhg.20180490
EeUH: ERARBERS (51808257 ); INARKAHEHRITH (L15LG04)
EE®EN: A1 3 (1970—), %, #¥Z, E-mail: cea_fuy@ujn.edu.cn,



©514 - A 4m 1 T FINE CHEMICALS

%36 &

TR & A 22 K A B AR v O FH B 35 38 1Y) S e 45
Yz —, HorpRgem e E Ayt anflpEAR TR %t
FURA I B B IR B, TR AT RS 2 0 E
FER . h Tyl &R, P E Sy E g TG 5
JEE N E R Z—, ORI 1 S TT LA HLIR EE
FIAF A AR IR B R A 22 55 A R 2 i TG
JEARAE AT BRI ST 5 )24 BRAE 5% P G fif (LK
Tk B BE, i EBREDRE R R R R —
AN TN AR HI AR R, TR OB Bk A
PERER T BRSSO T B K AR A
A, Rt AR R KA R B E ) o E K
FR A = BN B IR T, %t B 7 A K R Kl
FES, PRIR R R WAFC )& o il i5 ety 2z — 51,
FEATEIEER . . REEITE . ARITREAL, BRL RE.
BRI S IO LIR B R e R, HIg e,
PR T & 8K . Boh EZI0ER I WAFC il 4 R A4k
B (M-PTF ) 22555 HAT 5 52 0 PRI RN S BRFE A

ITEEAR B R A R R R, g
Pl RERI Y s =8B | B o N E W11 S | e el E5 g
SrTG R RN AL B, R IS R — .
2 H0E KT R HE T U KR IS TE 99% L
b WEBUKMERE R, B2 K TP Ts TR i
WG, HAESWES R ERE, Wik, J5iekt
FREL R A AL BRAT D A R A0 ), A s 1 ¥ e b B
PR 2 e AR ISR, I BCR E R
TKE BRI T5 Ve LA HH L A R K Ak B T T R T o R
B FE AR MERSL, FRATG TS YR R B A 138 -0 B AR,

Hag, E NN FI5 R e 1T T K o
gl RS e s e T SRR,
A F Ak 2515 P i i e b . JF i B i 4
PR, FEAL G IR BEIERE b AT Ak 275 T e Ak
WA EAA R X, R Sk vk i b 32 S AR
TREEFI A . BA4E (PAC) A& H FjH [E /K AL BR
GUCR R 2 15K R . BA LS AL BRUR! T
B EBRA LY 5w — AR EEARUS T H A 2
PRI NS, 15 Ie KRS, DK MR, 4

S S BTG R i I K HE RAR R AR S 4P, ity
T A PRAAR

SRR Rl g R o AR R RE, JEH e
it 3R PAC 195555 . A SCLL WAFC b 25k,
R BUR 12 B3R 15 1 45 M-PTF IR BER, [l AIF 5% e
ORI, I X Ak B AR 15 35 /K 0 R DA B35 T Y
SEBRIEAR . UUREAT R B B K R G Re AT T 40 hT .
H B2 38 = IR BRSO 1 R B, 38 275 e & 1k I
REEAR S 2275 e Vi 46 B 7K HE BE o A TR Sl 5% HH T A
JE 5740 ) £ TREE N JF HE AT 4k 27 05 U8 A I i Ak 0 5T
PEHUE T — 2 B HLE SE A

1 SEIGERSY

1.1 KFIENE

WAFC (TiO, it 73 0 R 70%~73%, Fe 05 5
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1.2 Ak

1.2.1 M-PTF #j%] &1

45, B WAFC (K 1a) 508 KIRE B
W, 7E 100 CHEFET , K /50 80% M i
N3] FSREM IR h, 1535 BOR . KR IR
WRRE 2 f, buk, MR, HdiEs e
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4 17 mol/L By NaOH ZZM8 & Ry, K
pH W35 0.5, F 40 °CHi#A 15 min J5, BEEE

1 WAFC (a). Wifk M-PTF (b) 5[ {&k M-PTF (c) 59
Fig. 1 Pictures of WAFC (a), liquid M-PTF (b) and solid M-PTF (c)
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IR 24 h, HIAAWAR M-PTF (& 1b), FRH
LML F BE ik L SRR RS IR LY 5,3 R0 5% B T LI
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W AR M-PTF & T 70 CHEAR o T4 24 h, DFES AL
AR E AR (K 1c ).

1.2.2 M-PTF VL4
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ST 20K A B ZR B IE L K A e R SRS
B HL 175 Y AT E R R R S R RO, U SR
S A R TETR, 1505 7K R/ H
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123 M-PTF k3 %

KPR SLES . FM XF M-PTF #5058 K5 8 0
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S KRR B A B R R AR T AR N TS K, KT
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T, -T

A Ty T G SR B R 408 A T S TR S ]
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K2 WAFC (a), M-PTF (b) 5 PAC (¢) HISMILIESL
Fig. 2 Surface morphology of WAFC (a), M-PTF (b) and PAC (c)

2.1.2 M-PTF &4 A8 Fn b 45 My 45 f2

M-PTF HJ XRD #1 FTIR .PAC f) XRD™ L& 3,
& 3a R, M-PTF 5 PACYE XRD i [& |15
PUAAIARAE, {H M-PTF A RLUFLE KT PACH, H
M-PTF 7EA[FAT 5 AL P £t , P22 Al
AF A /M, U PACYAHLL, M-PTF
TS BRI B R L, HIE R T X A 2 )
i & E AL RY) . 44087, M-PTF fY XRD K H4;
W NasH(SOy), B4R IEAT 506 B FF A ARSI H 58k
RS HOC B A AL D SER I AR I, H AN SR
Fe,(SO.);. Fe,05. Fe(OH);. Fe(OH),. Fe;0y4. TiO,.
TiOSO, Hl Ti(OH), S T B FFAFE AT S0, AT L
ek . RESHTRE RN, MAZEEE A
RZ G HIRA o
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¥l 3 M-PTF #l PAC ) XRD (a) 5 M-PTF [ FTIR i
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Fig. 3 XRD patterns of M-PTF and PAC (a) and FTIR
spectrum of M-PTF (b)

& 3b 1, 3433 em™' (BRI IE AT IH N F—OH
R shig, UL INAE A RiE—OH, Hinl gg
Fe—OH. Ti—OH 245224 1636 cm™ 40 WAL
PR REZK | BCASE 7K T 5 K S £ 3R s g2
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AT HERTHE , M-PTF RIRE N LAE S £ 7400
R (EFEREFECE (FE 3a)) HEK—Fhr AKX
RREY, Wit—28IE T4 RERES ST
ZR R G DR A R o
2.2 M-PTF BB g MEARE

M-PTF il PAC AbERA: {15 /K B TR BESICR X L
(#2515 M 2.0~4.5 mmol/L ) LA 4, A 525 3 BHT
5% M-PTF # 5%, il M-PTF Jy3LvfE, Bz
PAC #2hutfmim. MK 4 B, 7ERZEERN,
M-PTF [, B @APERERT PAC, {HEFR COD,
BORHIE I PAC 5. #25&H 2.0 mmol/L B,
M-PTF ) CODc, PR [t PAC 4 29%, i PAC
T H AR5 (4 mmol/L) W, %F COD¢, %
100 53%0 ARSLEIKFERERAL (13~15°C), Al
Y LeEOR, WY& N, X2 PAC AR
JEROR G L BRALYALT M-PTF ) 325
R, ikt 2 PAC BRi5 QL RRE M) 2RI, VAR RIR
BN BRI AR S 10T bR A AL g 22 1)

100§ o 9 ¢ o a o

p

3
4

Removal of turbidity/%
(=)
S

40 F
® M-PTF
20r OPAC
0 1 1 ! 1
2.0 25 3.0 35 4.0 45

Dosage/(mmol/L)
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1\‘5 * ® FKEB B /NF PAC, 1 PAC &K EARK, fliH
o W, N ~.
< 60r 2 ARG - iE W
§40— 232 FRIREATH
5 © M.PTF K 6 4% 245N 2.0~4.5 mmol/L if M-PTF 5
200 0 PAC PAC 75 KT (B 6a) XTI . DL R d% 2 & h
0 s . . . 3 mmol/L H.ULFERTAI R 5~20 min A ()75 Y8 T I
2.0 2.5 3.0 35 4.0 45
Dosage/(mmol/L) % ([ 6b) XTlk.
100
c 130 0
%80_ a o
® ° [ ° PY 106 -
@60— E ° ° o
Pt o o g2 829
§ 400 ° ° é @ M-PTF
g > 58l OPAC
&0k ® M-PTF <
0 PAC ZEEl
1 1 1 1 . .
%0 25 30 35 40 45 0 ° ¢ , , *
Dosage/(mmol/L) 2.0 25 3.0 3.5 4.0 45
4 M-PTF 55 PAC ff§ (a) B . (b) (G 5 (¢ ) COD, 50 Dosage/(mmol/L.)
FBRAOR Bt 24 1t 9 25k _
Fig. 4 Influence of dosage of M-PTF and PAC on the é 40
removal of (a) turbidity, (b)color and (¢) COD, E
£30}
3
2.3 M-PTF Hyi5 R4 M 2
23.1 FREFEHRK _g_“zo'
S EBFSE M-PTF b3 A: i 15 K I 1075 Je 4 S}
P, RA FM XHLE SR 15 IR B SR BEA T4 B8 (R . -
40 £ ), It5 PAC XL, #RAERR S 2 A0 [F 451 5 8 11 14 17 20

DU A RLRE N R PR 2R, 255 DLIRT 5.

LA R S

HAERIR G i R ™

55 M-PTF (a) 5 PAC (b) JERURTS R 2R A i) 52 BRI
(254 3 mmol/L)

Fig. 5 Actual images of sludge formed by M-PTF (a) and

PAC (b) (dosage=3 mmol/L)

M-PTF 50 (&l 5a) BAAE . M H B %4
ML ADIRGS,, BREZES, 2R 2 REZED],
FEARV A HUE R a2 A 1 PAC 53 LTSRN
HOR 3, HEOR Z M B, BH R/
F M-PTF, 2RIUIR. M-PTF £ 548 H 2z H . &
1 HLTE A 2R 2 MR R A B AR . AR R
FIEAS R F 8] 8 KT PAC, BB M-PTF 5 kil
KT PAC, Y34k, M-PTF 58l g, LH &

Settling time/min

&l 6 M-PTF 5 PAC V5IR{RF (a) V5 IRUIFEHZE (b)
Fig. 6 Sludge volume (a) and sludge settling speed (b) for
M-PTF and PAC

& 6a &, 7EZFERIN, M-PTF {5 1A
/T PAC, 2y /it (2.0 mmol/L) B, ViE
505 ,M-PTF 5 PAC {5 R IR R4 51 R 13 55 81 mL,
JEHE LRI 6 1, BAERZ E (3.0 mmol/L)
m, ZF ISR 21 5 98 mL, Hi& 6b F
th, M-PTF &5 e DL 2 KT PAC, UiTER
#J] 5 min PN, M-PTF J5RIEIIRE, BRMELR, A5
44 mL/min, 1fj PAC JUFEARE, %K 2 mL/min, 8
min B, M-PTF JiRF# 3 FE 2] 1 mL/min 2247, 285
WA TRE, U M-PTF J5J84F 8 min N LA
M54 (15 TR R fRfE3] 26 mL ), 20 min B, Hgi==
BEE] 0, Ms% ks fb . KB sh o e %
I, M-PTF 5 Fr p; 9 U0 B s e) 2 i ik #%
20~25 min. PAC 5 e ULREHOR ST i R R, 5
HH R ETE 13 mL/min PLF, PAC 584 UUREAY I 1]
KT 20 min, {HARHE PRI L5 R 20 min B 57
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BRI 130 mL.
233 FRRERZ KR

# 1 N2 (2.0~4.5 mmol/L ) F M-PTF
1 PAC AbFRA: 1G5 KIS P A Hi5 e iiht . R 1
Fili, M-PTF T{5RBY B 5 PAC HEAMHIE

F 1 AFEBZET M-PTF il PAC iTi5 6 i

Table 1 Dry sludge weight of M-PTF and PAC at different
dosages

% 24 it /(mmol/L)
20 25 30 35 40 45
Ti¥EJe  M-PTF 024 026 031 042 048 0.57
Bild/g  pAC 024 030 035 033 056 0.57

97 J L4 PAC Bk, M-PTF 35 JI %, J%
M-PTF 1§ PAC V51 # K BEHE 25 it 97 L 55

100
X
BN [ ]
E 30% o o R
2‘ [ ]
B 60
o
.S
°
2 40r
&
S
= 20
= . ® M-PTF
0 | | 1 1
2.0 2.5 3.0 3.5 4.0 4.5
Dosage/(mmol/L)
100
0 o o o o &
X
?o 99 -
E . . .
@ ) °
o 98T
B
‘g 97 [ ]
5 ® M-PTF
S L
= % OPAC
b
95 1 1 | |
2.0 2.5 3.0 3.5 4.0 4.5
Dosage/(mmol/L)

Kl 7 M-PTF (750008 F (a) LK M-PTF #1 PAC [
HlEKE (b)
Fig. 7 Sludge reduction of M-PTF (a) and water content of
sludge formed by M-PTF and PAC (b)

& 7a &, M-PTF 15 el RAR 5, 23k )
71.28%LL |, feinils 84.38%. 1T M-PTF I5Jgfk
Y5 PAC MiZER K, SEEZjEXT M-PTF 5k
HRIEAK, HE 7 B, FELRBAET,
M-PTF 15[ & AR BT PAC, X 51576 1SR
TS (& 5) HA—F, BI M-PTF JERL T 1 5038 i
Y5 e 22 A DL R B I R 22 1A L AL R AT Y 2R R T
AR, M PAC BT &K st AR RSl HIY i T 3T 3% B
B AR AN 175 BT 1) 95 e 28 AT 30 S T 20k 22 AR IR

B2y EX; M-PTF {5Je % /K F M2 K F PAC.
TESL R 2y T, M-PTF & 7K 97.15%~ 98.53%
(FRZEME N 1.38% ), i PAC B KT 99.5%, iih
M-PTF [R{5 e A RIRR RS, 515 25 6 00 B
FERE AT REANTH] , B M-PTF 75 A [a] 4 BE i K A 7= 9y 1)
PSR A A Y BB R A X i PAC 15 R I
22 K A {1 245 590 1 0 2k T A0 STRR BT L. M-PTF
1SR SRR PAC FRET 1.11%~2.41%, BIR[EIE
AR/NEME TS RAR TR 4 T 71.28%~84.38% (K] 7a ),
WK REAR T 5 25275 Je i 4 R K AR B MRS, X T
15 U8 BRI 4 (b X FLAT BB L,

VERTHLIREER], M-PTF N AJK TG & 4 44
KRN, BRI i HHA — 2 RE =)
(ARSI 2. B3 mrmul e e i R AE ), HoK 1
0 Al FELTR 0 RN 3R 4R B K/ NGRS AR A AR K
H R F A SO H b e B2 w5 VR RO 1 [R) ), 3k 3]
15 Ve Ik AL I FRAR S a5 Ve e 4 K MERE , R I
XoF T B AL B AN AMCER 05 B AR R T A ET XT M-PTF JiF
EA 175 PR IR R A T 44T

TR ) O — R R A R B SRR
Ji, # PAC tb M-PTF A R Brssc (K 4)
e PAC V576 W HA B R DT #OR 8/ 5K
R, HHG AR EER (B 7b), XA REIR T FIA
JRP: (1) PAC /KM=l e HA B/NE B Hoor A
FAEL, H PAC Bt RmEIEEM LB —IeE (Al)
fR2H R AT R H B H M-PTF 38Ry S8k, il
H 515 a5 6 02 RS ERR BN, BHEHE K
R, HHOREARREM L RESS & 2K 5, i
FIEM K EE (K Sb), Bl H A 818 Tk HE
R LR, B SRR RINTEE; (2) HE 2, E
315, M-PTF 2 ZF &8 Mk 4 B o R4l £
JCHERY), SCHREE KR, BiK P . 53 4h, M-PTF
HA M HSIERERM AL R E a2 M
LiNE S ¥ S O NY E TR S ID S E A = ey e
FRSEFRIEZS (F 2b), W55, HARE
A R BHE ], T S5 e 45 G 8
B, W, RIEE 4~ 6a ATHEETH,
M-PTF K fift 7=y vl 68 LA B8 R %5 3 T R 4 i /K
P, ILZE A i B T K AT HLA) I 1) 28 A % A K
T PAC, HH SR MM HG & AKRALT PAC, #K
5 PAC MItt, M-PTF J5J8 A R4 MU0 & 5%
KU R

3 it

(1) M-PTF J2& i AU AR5 i PR 15 2 1) A
22 SRR SIS 3PS U E S F A LN E RN (P2
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B, Hodk, RETRES5 TZMNRESY RS
JN o TEFEZHIEFEIPY, M-PTF F9 55 5 €8 258 441
T PAC, {B7E# 2554 2 mmol/L i, M-PTF [ COD¢,
EBRZ L PAC & 29%.

(2) M-PTF 75 2 BU¥E AL RO FRAE HIRES , TR
FIEARIE W, LHEEFEE RIEERST . 2R 2
BB EFEEY KT PAC, 5 PAC #itk, M-PTF H
ZER Y NN & 2 E = YN RUTN DR S N SRED A LN A
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