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Abstract: The issue of siltation and blockage in sewage pipe network due to the formation and
accumulation of fat, oil, and grease deposits is significant, severely impacting the efficiency of sewage
collection and transportation within the network. This study selected the main factors including pH,
temperature, and calcium ion concentration affecting fat, oil, and grease deposits formation as influencing
variables, and analyzed the physicochemical properties of the deposits, including particle size distribution,
moisture content, saponification rate, surface group composition, as well as hydrophilicity and
hydrophobicity, aiming to investigate the impact of environmental factors on the physicochemical
characteristics of the deposits. Additionally, the thermodynamic aggregation tendency among deposit
particles was evaluated using the XDLVO theory. The average particle size of the deposit particles was

significantly influenced by the environmental factors. An increase in pH, temperature, and calcium ion
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concentration enhanced the formation rate of calcium-based fatty acid salts and accelerated the
saponification process of the deposits. The interfacial adhesion free energy of the deposits decreased to
-44.56 mJ/m? under alkaline, low temperature, and low calcium ion concentration conditions, thereby
facilitating the aggregation and adhesion of the deposits. In the management of sewage pipe siltation, it is
crucial to enhance the monitoring of sewage pH and calcium ion concentration. Particular attention should

be given to the issue of fat, oil, and grease deposition leading to siltation and blockage during low

temperature periods.
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FOGDs

LRI LU, pH RN R RS S vk
X g U 1 % B N KRS B3 . R
(a) AT, BB pH 09 T &5, T s 0B 4 1) % B2 A
0. 83 g/em* 14 % 0. 88 g/em’, 24 pH 7E 5~7 YL [l PN i %of
ARG TURR P 10 4% 2 52 Wl e oy 2, 1717 >4 pH>T B, 7
RETUAR Y ) %8 B 52 pH 52 350/ 0 5 i B DT AR 04 %
K EERE A pH A3 0 52 20 0 B G A Ll D A AR
A, 4 pH=T7 B 5 7K %38 B f = . 23. 2% B 1(b)
S, T BR VTR ) 2 B A 5 7K R 38 B 2 T g iR
FIFE R . 1 (e) o, Bl 25 5 2 1R B Ay 34
T, B DR Y 5 K SRS T i PRI (H R
FREEig g s

M 1R UA RS B pH I B R 5 25
T B A B I, T AR TORR W i 9 A T e (AL
S KB FEAT /N T oK 03 B ik 2 o il AR U P v
TG B AEAE , AU B IS DR AT Al I AR 4 22 Ji R
TET A B SR AR K FL 5545 e ] 1 2 AR S i 4 28
DUBUWE o 75 S48 iy, e SE PRI A RE S o, 35
A3 IR DR 0 5% B R /K 5, X T AR
DB RE I T JCALOR: (g + APBRAE) o TARYL
TR 1) 2 7K 6 55 AL B GR A G, 2 pH S5 25+
W P BAIRINY , 25 52 e b2 Ak S R R 32, 2 pH B4
VR R G v I A P K R 2 o 4
BE M T R R 00 A R, = 350 I DR A 1 FL B R 8
K 5 T 224 52 7 Ak B 44 v 1), Y s I SRR A
JE W7 1R R Az R AR T, 25T L2 AL il iR AR
45k .

g5 Bl A R DU IR B Y FE R AE T
YR T BT B T RR A7 A ) 1 A L SR A ZH B
Ui 25 g 15 T2 R 05 25 - 1) Y2 A B vy 2 T B T g DT RN
Py ) SRR, T pH S0 R 08 125 R JiE 255
M S Ak S T, DT S M S Ry R R R . 3 A L i
SEUS A3 AT T AN RS e R S50 T AR LR A Ok
BRGS0 Ai 25 AR 2 iR o ol LA Y 7E R[] 52
B 4544 T Tl g TCRR W UKL A R A% 4 A HLA I 35 22
SetE B 2(a) AT, AR DU 7E i S5 T
(pH=7) By F ¥R 42 365. 9 wm, KT IR M w1k
M RBIRAR (Y pH R 5.6.8 9 ), SFH R AR
435K 124, 1.156. 4.350. 4.299. 7 wm) ; SAKKFE ,
B S R - Bk AR B TR A, Rl 2
(b) AT, 24 5 N IR 15 CTF 2= 17 “CR, SE kL
WG A /N, 307, 8 wm [ Z 304. 3 wm, (HBEE X



www. cnww1985. com RER IR T F K b RS AR A A A 6 T v 41K H15H

N7 I R — A Tt IR DR AR AR B S 3338 pum {H 2445 2 Uk B R T 300 mg/L I i
I YRR AR I OFE 20,2325 CIF L, SERERAR DURRMIPRIAR M T BRI G T R A B T vk
M2 272, 0.104.9.70. 63 pum X AT AR T 405120 375,450 mg/L I, ~F-S4R0 42 43 33l [ %2 243. 8.
TEAVHEARAIEAS MR R A A . K12 (o) s, 78.7 wmeo A LA 505 B8 7o B Xhh g TR B 1
TR TURR I ARLAR BE A 55 25 U BE M i B o, SREEAR KA, Ud W85 B3 75 5530 25 i 117 1R % A
245G B B 150 mg/L 23 B3 2 225 mg/LAI300 AR SN A A G A 3 I U Rk B4 SR 4 el R R Rk
me/L I E YRR 37,6 pm ZF 3G % 99.3 pm 1 T EEAE,

40 25 30 - 450
2

g g 3 R 375 5

17 T 17 & 1310 225 gy

15 & 50! , 150 3¢

0 200 400 600 800 0" 200 400 600 800 1000 0" 200 400 600 800 &
R/ um B/ pm FiAE/ m
a. pH 521 b. B 5 ) c. B 1 IR L RS R

B2 pH.EEEFN$5 B F iR EEX it AR U AR IR B9 2 )
Fig.2 Effect of pH, temperature and calcium ion concentration on size of FOGDs

PLESOREW] & h i) pH R F AR TS S8 1 L0 AR, A5 REAR R £6 9 JE e il i
Jii 107 TR A - Z TR AR AR AR A O s DU IR RO A A SRR B . INIET 3 (a) T LA Y
L e i pH 2 S B P SR ARG B R A, AT BfAE pH T, SR ARl T S 25 1 T
Wee AR V0 Y0 PP B85 B R B SR IR IR ULAR I B0 3R R T R 4 K e R R AR SR I K AR 3k SRR
e RIS pH 2 R B IR R AN A 85 AR EAE AR B EI3(b) M (c) KM, 45 m R R
FHTE B H 5 5 ) A B RIS P, RE T SE WA IR U0 8 PR B R i 1 R Ak R R, (A IR ORI 1)
BWIRRAS . W TR 2 O SR MR, R RN Ak AR AR S % ARk
TERACE R, X S EUF B IR B TR R AR — 3, I 2 Ak AR Al 5 B G U R kS 5
JO7 S AR GE T BE /N B SR DURR Y . B wAIR DU R R B DGR R

e B W T A R T A RN T DS 30 315

BRI AR R M it l £ £ gég

i R D B R R A 27. I I R

HCIRZS XU 1T B 25 28 56 T IR D, vk 26 I 285

FEA 1F HE S B 1T BE 23 5 M 2R A9 0 BOIRAS R 2556 7 8 9 o 15 17 20 23 25

B KRS TR Y B B pH RErC

0.9 HRSTLEAMIIMIAL % a. pH B9 b. R 1 B
S S M A TR T S R D R P L 295

i TR R DU G B AL SRR A R Ak ﬁ %9

BIREATRERE . P 3 AN TRISE R R 2R 45 A A i ik o 280

BRULF I Bk %, RTLLE 1 Bt pH R F4s 270

BT RIS IR VLRI R AL IR T AE DI

e 3.(b) v, AL M 15 "CHY 28. 29% T 25 ‘CHY e o

31. 3% AR LR i HAAT B FE M 3 pH RS TR B A TR SR
SR, Wy B i i f R ok & B AR K iy Fig.3 Effect of pH, temperature and calcium ion

R A, EMARTIRY R, B5 NG TR 5L concentration on saponification ratio of FOGDs

« 27 -



FA1E B 158

OE 4 K HE oK

www. cnww1985. com

FIH FTIR XA [A] 4544 S TE L i A i AR 9 2=
T B RE AT 0T 5 R 4 B o T LUE 78
AR5 A B B AR TURR 4 B FTIR S S A A
8, 7€ 1 550~1 610 em™ &b Wi %< ] —COOH M ik
U RRAE He 58 NS OARSE IR DU v AF AR 1Y
—COOH P RBACZE T Hp ] 52 A S O R S5 1 1) ot o
FFA, X Al e A7 B TR AR DU B 1 . 76 1 745

A A
SEBRIMBR TR RE

—COOH;

SEBRI IR TR RE

OHC—

om™ B AT A 21 0 e Wi QSR T —COOH B $37 fif
2y, Yd BT TTORR W o v RT REAF 1R B B AR
i s i S O BT =W (TAG) RUTR B . 1t
Hh,TE 670 em™ BRI A6 WL 45 58 K W] Ca—O
FIFETE . MBI 438 0T LUA Y, 9286 % 25 10 I )
MR DR 5 SERRAE I P Il R DR B Z0 SN R
MR AR ) 15 T 7 2 A ) A o b A — b

A
SEBR BRI RE

—COOH, OHC—,

Ca” =450 mg/L. oHC—

0—C —CooH\,
Ca—0 W

WL
Wl

Ca*"=375 mg/L

W

Ca®*=300 mg/L

Ca®*=225 mg/L

pM IM o

0 1000 2000 3000 4000 0
W/ em™
a. AN[F] pH 514

1000 2000 3000 4000 0
PWek/em™
b. [ 25 1

1000 2000 3000 4000
WA/ em™
c. AN E B e i 2

B4 AREFETERBHETREFTIREE
Fig.4 FTIR spectra of FOGDs formed under different conditions

2.3 MEEMARYSAEMBEEEHR

T I VTR ) 1) 53 0 7K P S 5 ) HL A B R )
HEE AR , BK PR AR R UTRR P IE B ) R 5K
Nz — WD RE M R R, T T
A AR DR 3R 1T B K R B3 5 A R TR DR
YIREE , DT W B 285 1 = e R 2854,
AN TR G5 AT A B e i OB 0 1 422 fi £ o R A L
SRBKE, AR N 5 BT

-k
= e
o mm
a a a

Pl A/ ()
Hefif/(°)

0
15 17 20 23 25
R C
b. i AR

pH
a. pH 521

Hef /(%)

07150 225 300 375 450
BT W (mg - 171)
c. F5E R R

B 5 pH.REFSEE iR EXT i A U AR ISR B K MR S
Fig.5 Effect of pH, temperature and calcium ion
concentration on hydrophilicity of FOGDs

M5 (a) FI () BT LA HE L IR TUER Y 5 7K Y
2 fih £y B pHL ARV 5 1 S5 B 14 D B B S R D
ANRYREHS 2 pH=T 4 B U O 300 mg/L L i
i DOR B B BE S 3 00 R K TR 3% ik AR O
122. 82°) 51117 24 pH=5 I}, B K P 35 T B (R ik 1 ok
89.24%) . &1 5(b) U7 AN [ il B2 T 1 432 fih g

« 28 -



www. cnww 1985. com

ER S IR AT 2 IE R S I AR AL AR M 0 v

%415 H 15

AAFACASK, KF O HFAE 120°~ 1307 [ N, 7E iR
2R 3] 25 °CJ5 i BR DT FR A 55 7K R R Ik e 1 422 ik £
A3 IR 106. 32°F1106. 21°, 5 A o 1 422 ik
THZ 66. 45° .

FT UL RS R IR TR B A R RE A S
RIS AH S, T 50 i Bg DU Bk:
(i) (%) 2685 B L A AR e 25 SR 1B 6 T . 24 pH=5
i, B H HBE AG,,=—19. 62 m]J/m?, 7€ pH>5 Ji5 ,
& pH XG0, FLTH F H RERS A B 8N (B SREFTE L
Ko MR BEZ A E I IR OIS 1E H
FH B M —38. 85 mJ/m* B Tt £ -12. 36 mJ/m’, i A
IR 25 0 T s DURR ) 45 ) B A TR AR B i
PR RS B U B S R R R AR DU Y S
i H BB -44. 53 mJ/m* T E-37. 03 mJ/m?*, i
BB U B O 3 oI B DL RR A % BT L E RS
M4/

120 o 100} mmigs
ilgg — £ 80 - 1
2Z W RGO
@ 5 & & 20
HE 0 BE 0
= =
ES 5 6 7 8 9 ES 15 17 20 23 25

REEC

b. {2 1R 52 )

AEZ2/KT
i A ffE/(m)-m™)

150 225 300 375 450

BB TR/ (mg- L")

c. B5 S TR BE R )

6 pHIBREMSHEFREXNMELRYELE5FEAERH
BERI R

Fig.6 Effects of pH, temperature and calcium ion

concentration on energy barriers and surface free energy
of FOGDs

FIH XDLVO B8 43 A i g DR P A B R 450
PR HE R e . K 6(a) B, 24 pH=5 B fE £
113 kT, Y pH Ft % 6 B HE 22 % % 38. 67 kT, Z )5
Wi pH M T fig 42 5 L3, U6 FE rh ok S i
PESM T ES RAEMNSTIRY BEMSL . K 6(b)
o, fE2 15 “CHY 39. 14 kT ETFE 25 °CIJ91. 28
kT, @SR S A g — 2. K 6(c) i,

A BT T4 150 mg/L 54 % 300 me/L I, fE 221X
/N BT, M 33.59 KT FH 2 39. 14 kT, {H7E 55 5+
W B 5 T 300 me/LJe L R 22 THIR S K, IFAE45 B 1
HWeRE IR 3 450 mg/L 3 25 65. 38 kT, L iRZh ik
— 3R WT, pH R B X i AR LR ) SR A AN R B B 5
M bk 2, 7T 6% 25—k S 3 m B v i O AR 1) S 1T A
Hi BTG i & AR Ak (R ok SR AL i 4 W 4R L U
WISRAEME LR I . PRt , 76 52 PR /K48 1 1s 4R A5 3
AR e Xe) 0K 7 $ 7k I U AR A D AR b FE )
SR

AN R R 71 3 IR DO R A %) 4 A R PR A G
PE AT A AN 7 s o AR UTRR Y UKL (1] (1) e 22
5 pH 2 FUAHOC, 5 U5 B FEG B U B A I AH OC, H
rH G B B X g 42 1 BRARGE W B K D) b L g &2
SRR B OC , TIE B RE 22 8K i DT RR A7) o 2R
AR WA R B 114 G G U B v R DO AR 0 v ik B
S R DU BN o [RIS AT DU B pH X A TR
PR AR R ) M) i i 2 T I 8 X 5 K R
A5 e 3

pH . 1.0 1.0 0.15 . 0.96 0.16
. 0.8
WHE| 10 . 1.0 034 056 023 . . 06
WeRE| 10 1.0 . dods 034 G0%5 04 069 0.4
P 0.2

fits| @ om0 M o0 oe 0w
0

FA

B | 005 ose 02 . . 065 032 049 o2
)iy . 023 009 050 065 . 0.67 . ~04
el 22 -0.6

SKER | 096 . 044 061 052 067 . .
-0.8

AR 016 . 069 082 049 . . .
‘ -1.0

uc| ® =2 & & % =

< iy

E7 AEIMEEF TMETRYE LSRR
Fig.7 Correlation of physicochemical properties of

FOGDs under different environmental factors

3 Z#

TR TR (1% B B pH RS R B 1Mk 1Y)
S THE N, KRB pH R B e R T e i
I KB AR A S B pH IR SR R T
JEE BB, A s e A bR, v i R i 5
ML RN 15 CTF & 25 O, BAL R T
11. 26% ; "PERPE AR 25 4F T b AR DT AR Y 51
HIRE 2 T K i IR DR R AE B M S .
ORI {5 7K pH R K8 e B2 1) s I 23 B, FH LA

« 20 .



Z41 5 F15H ‘:F’ 2 K HE K www. cnww1985. com

DA OB 04T QRS , 0GRz o i AER 38R 9175
KA TE AR DU I AR DR A9 A 4 A

SE K

[1] ZAN F, IQBAL A, LU X, et al. “Food waste-
wastewater—energy/resource”  nexus: integrating food
wasle management with wastewater treatment towards
urban sustainability [J]. Water Research, 2022, 211:
118089.

[ 2] WILLIAMS J B, CLARKSON C, MANT C, et al. Fat,
oil and grease deposits in sewers: characterisation of
deposits and  formation mechanisms [J]. Water
Research, 2012, 46(19): 6319-6328.

[3] JIANGY, LI C, ZHANG Y, et al. Data-driven method
based on deep learning algorithm for detecting fat, oil,
and grease (FOG) of sewer networks in urban
commercial areas [J]. Water Research, 2021, 207:
117797.

[ 4] IASMIN M, DEAN L O, DUCOSTE J J. Quantifying
fat, oil, and grease deposit formation kinetics [J].
Water Research, 2016, 88: 786-795.

[ 5] IASMIN M, DEAN L O, LAPPI S E, et al. Factors that
influence properties of FOG deposits and their formation
in sewer collection systems[ﬂ. Water Research, 2014,
49: 92-102.

[ 6] BENECKE H P, ALLEN S K, GARBARK D B.
Efficient fractionation and analysis of fatty acids and
their salts in fat, oil and grease (FOG) deposits [1].
Journal of Oleo Science, 2017, 66(2): 123-131.

[7] BUSCH T P, KING A J. Artifact generation and
monitoring in analysis of cholesterol oxide products[J].
Analytical Biochemistry, 2009, 388(1): 1-14.

[ 8] KEENER K M, DUCOSTE J J, HOLT L M. Properties
influencing fat, oil, and grease deposit formation [1].
Water Environment Research, 2008, 80 (12) : 2241-
2246.

[9] HEX, IASMIN M, DEAN L O, et al. Evidence for fat,
oil, and grease (FOG) deposit formation mechanisms in

sewer lines [J]. Environmental Science & Technology,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2011, 45(10): 4385-4391.

ZHANG B, LI W, WU L, et al. Rapid start-up of
photo-granule process in a photo-sequencing batch
reactor under low aeration conditions: effect of inoculum
AGS size[J]. Science of the Total Environment, 2022,
820: 153204.

TASMIN M, DEAN L O, DUCOSTE J J. Quantifying
fat, oil, and grease deposit formation kinetics [1].
Water Research, 2016, 88: 786-795.

POULENAT G, SENTENAC S, MOULOUNGUI Z.
Fourier-transform infrared spectra of fatty acid salts—
kinetics of high-oleic sunflower oil saponification [J].
Journal of Surfactants and Detergents, 2003, 6:
305-310.

HE X, DE LOS REYES F L, LEMING M L, et al.
Mechanisms of fat, oil and grease (FOG) deposit
formation in sewer lines[J]. Water Research, 2013, 47
(13): 4451-4459.

LIU Y, TAY J H. State of the art of biogranulation
technology for wastewater treatment [J]. Biotechnology
Advances, 2004, 22(7): 533-563.

ADAV S S, LEE D J, SHOW K Y, et al. Aerobic
granular sludge: recent advances [J]. Biotechnology
Advances, 2008, 26(5): 411-423.

BRANT J A, CHILDRESS A E, et al. Assessing short-
range membrane—colloid interactions using surface
energetics[ J]. Journal of Membrane Science, 2002, 203
(1/2): 257-273.

LIU X M, SHENG G P, WANG J, et al. Quantifying
the surface characteristics and flocculability of Ralstonia
eutropha [J]. Applied Microbiology and Biotechnology,
2008, 79: 187-194.

<30 -

EE B kR (1988- ), 9 BIRILFE R A 1,
oz, RSB s 17 MU 42
il 5 KBS 4T
E-mail: zzq@xauat.edu.cn
e B #7:2024-05-11
&2 H#:2024-07-12
(SR X 5247 )



