F 185 FEIH202459A

;/T‘ fﬁ — gi é jﬁ Vol. 18, No.9 Sep. 2024

CHINESE JOURNAL OF ENVIRONMENTAL ENGINEERING

@ http://www.cjee.ac.cn @ E-mail: cjee@rcees.ac.cn G (010) 62941074

DOI 10.12030/j.cjee.202405079  HE42% X705 SCHkEREES A

H 38 &K 35 Te i A I 22 R L O 7 e I HE 2% %
S

FAR ZAFTIEIE SHE Fva BEXR, FAK, Bt ¥

LB RZZ BRI EE TAR 2P, 5t 550025; 2. 5t HEABBEEH AR TERIAR PO, 5 550025; 3.5

P e PR 5 A A5 R SR AR AR S LI W S 2, BEBH 5500255 4. i [E RS R A A BRA R, L
201100

# FE AR R R KT (RN ElE KIS Y8) AMUE S & AR AL, m R E SR, B 4
SR E IR Y KR TR R A AU ELAE 28 AR RIS o, (H PR SR B v, 25 55 X JR] el ol — k5 s .l
B, R RS AL T 200 P KI5 R E R R, i ARALERTSTR (CK)) « ARG REIEMATSVE (CK,) LK S
43 SRR K EEIE (SA) . ROMEEE (PVA) FIAAE HINEE (EG) BTG IR R IR FREOI AL, I B 2R 21 S
FEBRITAS R B W) A R X V5 Ve E BT a2 i, IR Logistic. Gompertz Fl Richards #i R #ET BU& . BB, BT B
BRI G, PR REW, EARRZERAMEM R PVA S5 R ETER AR A S /N, SA W g 4 e 175
RS, EG W EZH M TIi5 R P IER L & BRE AN R R A FAR T 1508 00 720 BoilEoR, Hi
SA ¥R TR E B ey, 7E56 42 d 5RAEA . BEEALEATH BEUR ) LG Ak . AS[RIZERIAEAY
PIERERRI 3 MRS RN SR B A RO E, HiH Logistic BRI A B i . 20 R, Sk m s A
] AT M A T B K 5 TR SR B RGE %, [RIBhsd b A J5 15 TR P 3R 3 BT A Logistic #547Y, H FLil i B RIA3 0
SA X5 Ue MFR D RERCR T, HABH 3 FhoT R RBHCE A R H 3 5 A Sia i iedik, 3 H. Logistic 5
IS p (HIR 5 HbhFes .

KHEIE FTEBROKISTR; ki SRR R FR40REIL; Logistic AR

PLEB AR IR R E gk, FEhECA =T 2RI L, XFRE E R K
MR RER R ENEN . FINE KIS TSI N K R = A R, Jegeit, B8 1t65°H
W, 9FEK 60 t, FAERIK 48 t, FPATGIRAE KR 3%, P ERE 1 FR AR EIAR o 3, H™
A EAGIRRA R T, TSIRANUR S BES, FasEds, FNESRESAEYRINERL, 5kt
AR AT TR R B A A Al A R K5 e rh A LB B i AT A 86.2%, ity TR kT
M, SR, TR T A AU S R . AKERRARRS, RIRERE TR0, W kS
Ko, IPAEREE SR SRFIE A R FAAR . eah, Tsleh &by, AR5 T+
HE, SFECREEER I, TIEERSE SR ETY, R EUEIXE L IR BOK S AR S
T, HET, AT N ERE G TR SRR R EEE AR eI T . kAT B TR A
PRI IR R ST A TP, RBIT5 IS S e RaR A . iR R . /KU A 7= HIR 5 T A Y o 2
K5 2RSS G5 S HERRIT KT PR R EAE AN 5 PR A ], O3 S T S R K T P BRI AR s Ao AR
FANE AN ; NANSUBUGA %0 HARZERIMNRT 5, WFFfEriRA M AR LBl A= 2 Fnnap )57
MRS IEEm s APFEE A AR b SA R AR, R, sy s AR 3R
WisBE: 2024-05-18; FEAHH: 2024-07-19
EE&WB: HRARBEEETH (52160015) ; Thies] S 5 3 4 WH @R 5] 4L [2022]4022) 5 5248 & 2 WA A A 571
R E @RS A A [2020]6002-2) 5 HN A K BT A Rm B R Pl AR 8 TR H (B8 & s 20201896 45) 5 [ HL4E AT -
M R R B &I H (3 [2018]0801)

T—EE: TR (1998—) , &, MLHFFE, 2274976576@qq.com BRBIEIEE: Rk 5 (1972—), B, W+, #H#EZE,
ygwu72@]126.com


mailto:2274976576@qq.com
mailto:ygwu72@126.com

%594 TARILAE . IR TS Vel G IR R B0 5 0 e S LRI 2523

FHEETE . IR PERTS PRI RRIN 1 IR, B BOK TS IR A ML SR i, ELHp
AT T B PR S Y, AR LIRS i R A T R

FT HHBKTIS IR IR RIS Y, Seanl IRt R R oA e B ) - Sl R 5 el
SBEEE, (NS TR R ARSI IR B . SR, FRTR T BRI 5 I r sl EAH
XD, XA E DT AR LS YA R — R T Bk MEALSE, RENXHARHAEEA TR
AbE . BEFAOVRARRBES, L ARG A A BRI BRI AL =R T AU H 45 1
o (NS ACHEREAL B R D7 XA BRAERANR SR RO AN SR A T R . PREEE AR H 45
BHEE GRALEA TR RS TEIRE , A LIS AT 8O AR L LR, A
s B HEYCRORI T A T AR a1 SRR 1 B AR EA R . G VEERZAPRL .
IR ERIZ R AN AE Y S A TRIZ PR FEAiRE IR /K BEIZ (SA) |« R ZMGEE (PVA) FIAA T H-H e
(EG) A 2120, SA oA RIAIRALEDIRRE, B RAFIIAEDIAEYE, 3 T e yife
FYRLE, ADBITOR EAE AT EY), T AR S EY I IE S B2 PVA ——F AT
BAEE, SRR RGOKERER, WL, RIEFIIEAE, SokvEEm, W TEBICBA R, EG
P AR el e TR A5 PE T AR R ONIER, T A A5 R HA D B s il PR < A 3
HRRERGE, IEVIAP R A B BRIy, AV ISR E R GUERR, . AP RHIRTS e BRI K
TR S SR LA T & A T4, AT BOKTS IR AL, it ikl T 2l s Ze ke, —Jrminl L
Pem BRI R BTIRACR A, SCBURYIG BRI, S5 —J7inal BEARALNE AR, s R A
AL BRI R A B TS JY . SRS RIS PR AR, I TS JRfLBR A S KA, 5o WARUR . &
KA BRSSOV . SoKRAR . FOEes i pRES 20, Bt s i 5 I P B —Fh
PRAAISE, BTSRRI, T5IRAEPAAIE P RRRE A, AR R 2 A iistE, SuEa LU
WA R0, 5 TR e DRAEIREE N A A ARSI AL BN 22 FE XA A T B A PR R, X A
A—ERIRRCRES, ok, RIRBERZSR R, DI RO A RO FE X P P R
F A A s BRI , SRR A4

FRE AU 5 H ARSI, SRR E ) - SaR A H 458, FIHTS Tes] s 2Rt nl LIS 145
gk, $RIHHIEIT), (e, BeE ARSI, AR TSR ER A, IS RENS B TR AL
£t AL AR [ A% 0™ DX AR S A A e A B P RIS | A RV B TS TR VR R o
IIMTARALERGE (CK,) « BRF ARSI (CK,) ARG 2 3 3 BRI IR AL A RHRD SA
PVA I EG WA HA A TR SRR, AEReHERb b A AR BT A R A T R AR T A R
SRR RIS S I E SRR, IR IIEINAT S Ve AT AR ZERLEE, 1 Logistic, Gompertz il
Richards BRI TERL . EWE, BHIFRr SREIMIMZDLS, FORE iy, DU K5 IR Bt
WAL GEREALH] s RS BUR AR A

1 MR5ERZE
1.1 SCIEMRL R E &

P /K 15 R EL E SR A PR T e 7 0
TR Ry KA, HEM MR W 1.

T B D KA I R K5 e i /K e
2 50%~60%, 4 HAIAE R/ N5 B i e kL
J&, TR 60 C M EEE, MHEHASHTT
BAGHARGE . FAS R ) A B X5 Je A 74
JE, BTG IR IRy 4x3 4, AR RIS, AR
1) BLE 10% HEHERRENE IR 5% FACESIHAW, 5
BT IRITRIA 10% WBERRENA T, PR
A 5% FANEEEW T, FE 2 min GRS, &
HSA; 2) BiE IR EURA L B 4P 8% PVA ¥
Wik, WA PVA JEIT, &N PVA; 3) ¥

*1 HBEEKSEEBIER
Table 1 physical and chemical properties of
liquor wastewater sludge

S8 BiE ZH EA¢IE

pH 8.03+0.10 | As/(mgkg™) 6.29+0.65
Ec/(mS-em™)  665.77+11.37 | Cd/(mg-kg™) 0.26+0.06
K% 82.3+2.5 Cr/(mgkg')  40.17+2.33
WA/ (mg-kg ") 281.13423.36 | Cw/(mgkg')  30.43+3.21
HWE(mg'kg™")  178.63+17.48 || Pb/(mg-kg™) 4.47+5.86
B/ (mg'kg™)  370.81£76.52 || Zn/(mgkg")  230.51+19.68
APLBI(gke")  651.93+31.84 || Fe/(mg'kg ") 182 95.41+51.45
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Fig. 3 Changes of pH and EC of pure water after leaching of slow-release fertilizer from different groups of sludge
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Fig. 8 The total nitrogen release of the treatment group and the model fitting results
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Table 2 Kinetic equation of total nitrogen release

T4 SA IRADBRFBRMEIR NFHE

Table 4 Kinetic equation of total phosphorus release

in SA group in SA treatment group
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different treatment groups

Ab3ZH Logical 7 5K R p Ab3ZH Logical 7 =X R p
35.1148 36218
sA V7 : T oo T34 (g0 4e 04974 s YT T 000 T3I039 poggex 00059
+(11.4222) +(4.5750
~108.615 1 —47245
pvA V= sy +68.6356 9969+ 01418 pva V" P 37429 h9g04% 07129
+ S [—
(22.970 8 * ( 38058
~60.1007 ~27.901 1
O TAT2BT 99750 02805  EG VT o o035 H13010 090515 0,103
[ +
+(51.6113) 0.1555
-525.6326 ~29.1178
K, YT 1 oot TP0TT0T g6 ek 00371 CK, YT w s TS 904 5e 03269
* (0.084 4) * ( 0.0058
~211.8069 ~11.9799
K, Y7 v yoost P00 097 70k o081 K, VT W HEES 09934% 04911
[ ——
* ( 0.0028 04911
e *FRARFEP<0.05/KF R FEAG, **FRTEp<0.0UKF I i *FRTEP<0.05/KF L B FME, **FRTEP<0.017KF I
[T P LaTE P
*SA  ePVA  4EG +CK, vCK,
= SA — A Logistic 7 — SAHIAMZ - - -PVARLG L EGHIA HhZk
I A Gompertz 7 12 A Richards 7 2 T 4CK|TU\%FFH2£ - = CK A HiZR
Jr r v

S BB/ (mg L)
S BB/ (mg L)

0 . . . . . . . . ) 0 . . . . . .
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

i )/ i [Al/d
(a) SALLFRZ EBUSBERE B D& = Fh 7 i (b) SELAL PR FEB BRI A Logistic Ty
El9 AIRAHDHMBETRMESREUSER
Fig. 9 The total phosphorus release of the treatment group and the model fitting results
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Abstract A large amount of sludge produced during liquor wastewater treatment not only has relatively low
heavy metal content, but also is rich in plant nutrients such as nitrogen, phosphorus, potassium and organic
matter such as humic acid, which has outstanding agricultural potential. However, due to its rapid nutrient
release, it is easy to cause secondary pollution to the surrounding area. Therefore, in this paper, granulation
coating process was used to make liquor wastewater sludge into slow-release fertilizer, and nutrient release rules
of untreated sludge (CK,), uncoated sludge (CK,) after granulation and sludge coated with calcium alginate
hydrogel (SA), polyvinyl alcohol (PVA) and rosin glycerol (EG) after granulation were analyzed. Fourier
transform infrared spectroscopy was used to explore the effects of different coating agents on sludge properties,
and the cumulative leaching curves of total nitrogen, total phosphorus and total potassium were fitted with
Logistic, Gompertz and Richards models. The results showed that PVA had the least effect on the change of
functional groups in sludge, SA significantly increased the content of hydroxyl group in sludge, EG mainly
increased the content of ester group in sludge. After granulation, different coating materials all reduced the
nutrient release rate of sludge, and SA had the best effect on the controlled release of sludge nutrients, and the
cumulative leaching amounts of total nitrogen, total phosphorus and total potassium were the lowest in the
experimental group on the 42nd day. The fitting results of different types of models showed that the three
models had good fitting effects on nutrient release of sludge, and the Logistic model had the highest fitting
degree. The study showed that the granulation coating technology could better reduce the nutrient release rate of
liquor wastewater sludge, and the nutrient release rate of sludge after granulation coating was in line with the
Logistic model. According to the model, SA had the best effect on nutrient controlled release of sludge, and its
maximum release and growth rate of three elements of nitrogen, phosphorus and potassium were the lowest
among the five experimental groups. The p values of Logistic model parameters were the highest among the five
groups.

Keywords liquor wastewater sludge; granulation; slow release fertilizer; coating; nutrient release; logistic
model
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