250 % 553 W
2023 4F

JEEAE TR 2R (A ARBR2RR)
Journal of Beijing University of Chemical Technology ( Natural Science) 2023

Vol. 50, No.3

IR BT, B, RS, S BN B MK AR IR AT AR 54 B S POR & KA AR RS2 m [ )], Jbatfb TR

SRR (FURRREIT) 2023,50(3) 141 —48.

LI ZiQing, CHEN XiTeng, YUAN HaiRong, et al. Effect of zero-valent iron enhanced hydrolytic acidification on the anae-

robic digestion of kitchen waste and food waste[J]. Journal of Beijing University of Chemical Technology ( Natural Sci-

ence) , 2023,50(3) ;41 —48.

Zhrerm b kAR U E RS EE LI
i 5 R 2 H L IERE B =2 i

TR WHBE RKERT Fhe
(AEEE TR AT BHRA BOM T R R G S0 %, bat 100029)

& . ST RO AT B 2% X AR SRR T R A, B R e B0 2 kA T BT A 5 R T sy 3 K St 1R Ak
5 7o DR AR T Ak T B8 B9 SR 5 BT A I 3 ORI 488 BT Iy 3 H FROS TR R LU TR A, I B B k4 i o 5,10 .15 Al
20 /L, BEEARRBIN R ST REM R WML ERE . 4558 8 0. BRI B B s A% b 3% 20 80 50% Y356 41 7K
PR AL R B i, P2 A Y AN R B PR IR R ( TVFA ) S Ho Bl R A B R B6 4L 3 355 1 206. 78 % 538 B 4%
FAMN T LUR = SR TVEA 177 5, B8O & 5 iMAS R I f kb2 75 A (SCOD) | LA TVFA J7 it
SIEARSE MBI 10 o/L 5, FM e KRR PR IR AR R U RR AL R 17 T B4k iR 58, 800
T R 2 Y BB H e A TR, EL SR e, Hoh R A L 100%  F M ARBINR 10 o/L iR B4
S P R R (2 664 £130) mL, X BRAHEEE T 15. 61% . Z54 UL 145 51 76 1 AL AR #0028 ¢ 4k R fi5 52 2 TR

BRI FERER,
KT WA BRI, Tk, KRk
HESES . X705

il =

JEf A B R R BEAE H R AR AR RS
TR DA B RS 5% 3238 iy i A2 R 8 IR B % 52
SEA LRI, 8 JoF B R B R AT O T A A 1
Pl A SR S S T i SR gk AR | T SR TR N e AR
W= A IR SR, BT A R JBT a7 3 7E 2R 152 i A
Wb AR g AR R, A MUR RS LS
K, H SR AR T WS A B B A ok ™
AR TR (T, 2020 4FF0 FE 72 A 1 6T 4% fis
Jof 157 8 249 M12 103 ~ 14 524 J7 Wl 24 (5 3T A 3% &
W 51% ~61% ), KA 1Y Jof A FAE Jof 17 3% iR 15
AbFR

Wk H 9 2022-10-16

FaWH K E S IZ TR (2018 YFC1900903)
S —AE# : £x,1998 4FA: Bl LA

* WAFER R A

E-mail ; yuanhairong75@ 163. com

DOI: 10. 13543/j. bhxbzr. 2023. 03. 005

BERBIRA T R, T —ENA g R LA
Qe ZMATRZED iR T I B &= A4 450, Mk DL i
A R BT K A R Ak i R G218, IR AR
Ko, A2 B T I ) R SRR I RO A AR R
FEL AR 2 v DR AR & T 110 25503 o R e 1k, A
MHE T % 30 ROR 7 B ROR Nl 45 & M s
Uiy B P I i, 00 T R o R e e R R —
FhRE S AR R 48 AL 340 it F A H AT B0 04 D g
SR, AT DL 3E o AR S A 15 1 ok 4 v R
VoI 7 O R 1 PR B RE A% 412 1 S0k A fb R
fife A2 o %) 2 AL R R, DA T 42 /8 A AL 1 AT A
fEES) ) Feng 25 R AR L R GE P InAE
Wk, K BLHRT DGR o 7 1R, 4 w8 1 e P 8
) o R RN o 772 2R Cao 25170 5 B S 0 25 44 4k
AT DL OGS0 AE B 9 A A DA B AR il 7 T
AT & v #1055 4% Jof
R AU T 3o e v 4 R M T IR VAR

BAREM RO Z N TIRE R B, (B AE
AR A B H S G0 T R k4 v /K i 1R 1k



c42 . AEEA TRAE2AR (A ARERR)

2023 4F

RV B ERERIATTE H AT SEAT 8, Rk, A
SCLNBF AR B AR B SE 3B A JEORE 7R AN [R] B3 B HE Y
KA BRAAT P B2k, 0BT i kot I R K fie
MR AR ALV, i AR R e 15 0 5 6 A ik
XHEA B PR R R RN ERE A2,

I ARG %

1.1 iRIe et

AT e A b ok A AL st e TR gt )5
Jof , FE R et R A R BRIk AL
FALT RS A, FEORFIRFISE, WE LR
FLAIRRHAE WO 52 B ik RIS AT R
RIFET 4 CHBEP AR, REKRBER LA
H AR R BEAR IRy, B B AR i 2R ok A dbae
MR BT, YRR EARTER R 1 s, &
MR E AN 0.15 mm 38 4K ( Macklin 2y
H) L4 98% )

1 PPRHEAM R
Table 1 The basic characteristics of the

substrates and inoculum

st
A ‘ :
BN RERYE
TS /% 13.16 £0.62 27.70 +1. 12 13. 17 +0. 74
VS /% 11.41 £0.53 25.90 +0.78 6.04 +0. 52

pH 5.3320.01 3.71£0.01 8.28+0.01
IR (TS /% 2.78 £1.02 27.52 +1.24 —
HEEA AR (TS)Y /% 15.60 £0. 88 17. 18 +0.97 —
RBEER(TS)Y /% 7.93+0.51 11.85+0.43 —
AREETE(TS)Y /% 8.08+0.97 5.99 +0.63 —
R EE(TS)Y /% 22.12£0.15 9.50 0. 41 —
LR (TS /% 16.38 £0.34 22.94 +0. 53 —

FE BRI 3 YR R 0 4 B 5 TS— B 1A £ &5 VS—I%
Sk B AR a— ISR b— AT E T,
1.2 K HE

R FEF MBS AN [RIC TR G by R S R 1Y)

SO KN AN AN EORHEC HU AR i 1, &
P 5 T B D TR 7 e AR Sy o AL, AT 42 X 03
Bl , B 7E K i R A B B A Bk T i A e D (L
EMPA = E N 0.5.10 15 F120 ¢/L 5 4K
- 3 A B A 3R Ja b 3 AN TR E EE X A
W AT | LAJST A 5 0 100 Joit 4 BRI 2 0%
THE, B E N 0.25% .50% \75% F1 100% 3 5
ANIKAF- (LA A 5 A S5 2 TR A v ) S i A 5 o
dHeit) A H 509% AN AN 10 ¢/ L 1Y

REHICH 50% KW +10 g/L Fe’

IKIFIRAL AR IS ) 1 L R i o, A
RCTAEARFL 700 mL, R E %R 20% , K454 h;
W R BRG] i AR i R R A
PRAS A 35 CoKi N hHFLkis 4T 5 d, B FE
24 h FEMRGHEFE— IR, TR IR I 2R A B2
SR A2 A 2R R Ak HE R A AR B 2 (TS) (5 &k
A5 (VS) R 1L 27 75 4 i (SCOD) A B
S, B H E R E RN AR pH (H, SRR &
PERR IR (VFAs) HRPE

T AT G T AT B R e O A K i R Ak e 4
FIH R AL HOREAT F BEARIRER . SR A 500 mLL (4t
KR E LA (AR TAEARF R 400 mL) |, JRAEH b
I S B AR ) 4R L (DL TS 1) S 31 1,
B R SR A3, I8 HE K 0 7= Ak, A
AR A RIS 3 AT, IR R =
AT H
1.3 SHhFAE

SRS & R MRS I E 2% E bR
*/]#TYEjZT?zE(SW - pH R EaEE| FiveEasy Plus FE28 pil pH
THOHERE - BRI 220 5] i, i AE & il g & [
FEBUE (GB 5009. 6—2016) 1ll5E , SCOD % FHe 114
fif o3 Y E B (HI/T 399—2007 ) il 72 , KL 4K (& &
KR BE B (GB 5009. 5—2016 ) Il 52 , bl & 5 5%
MZEMEEITTE, TR A% R KRR &EMN
ANKOM A2000 4> H ShZF 4EAL (i REAR KR H AR A w])
Mi5E . PRAAUETREIR A3 (e, AR <)
KA 3% (GC-2014, H A B 1) #6020/
FIHE A R 7 12 2 1R GC-2014 <A (L35 43
BT, A8 FH &K A B TAR R 25 A HP-FFAP B 40 (i
FE, DA AU 2R, SR 1130 B RS D 2505 8 0
S 220 C 1 250 °C, (A 3g A FHRFR T QT W) 45 15
& 60 °C, P& B F[E] 2 min, B 5 LA 20 °C 9] 4G 16
FHiE 2 220 °C, PR EA T E 10 min,

& R BT AR 43 R ] Minitab 20 4K
1, & 4 2R o B R AR TR (TVFA) it i
G3E 95% LA L PRI o 1oy A AT Ry T
TVFA ¥#&E . I Canoco 5 HATHH & ES T, % H
OriginPro 2022 AT EMg 22

2 Z#R54%

2.1 R L X 7k R RS 1K 14 BE B 220
FIFH Minitab 20 X} R L BES d J5 LBEEFT TVFA



5% 3 3

BT IRAE . T BROR ALK AR R A 0] 5T A S 4R B R 5 PRATH AR PE RE A 2 ) <43

(= i HEAT 7 25007, CEE Z TCHC R B R =
92.71% EIEMIZ ICAH K REL RS, =89.07% , TV-
FA ¥ R*F1 R2, 53531k 90. 50% F1 87.76% . Giit4y
Mres BB R8T 90% , P {H/MT 0. 05, kvl
XS T CBEFT TVEA 1Y 7 5 R B0 2k 4% I £ 1 Jit
FHAC L35 25 R T

TEIK IR AL S AR v | 2 A DL e e Ak il )
INGRF P AR R £ B, 40 A T R
7= RIS R AL BCRIY S £ > FLIR > TR >
R B R 2 B BRAR Y & e P-4 . R

20 CoEEE—

p(LM)/ (mg-L")
m <2 000
m 2 000~3 000
m 3 000~4 000
= 4 000~5 000
m 5 000~6 000
= 6 000~7 000

7 000~8 000
1 8 000~9 000
11>9 000

—
W

—
<

MR (g L)

o T 80 100
JEURIEC L (B4 o5 1L ) /%
(a) &M

AR a] U E Mgk o i | JFURHEE e
S R AR R (1), v LA A L%
ORI N AR b 5, R AR R 1Y) ™ i
e, W JEF A 30 ot L B ey 25 e S 50 B e B,
FER R TVFA P2t m . 285 SR, mfk
(B4R 7 LG AR R AR 0 = 43 5 R 40% ~ 60%
M7.5~12.5¢/L, B 2(a) HEEES dJ5AEER
Bt EL4L A9 LB FD TVEFA 7= 38, 1T LA HY 2 B 4% by 3%
b7 HAE 50% DL R B, ZBEAT TVFA 7= i il 3 6t 4% br
Wy LU i, A B3 H 50% 21 Y 2L FE

20 pu—r——————

i p(TVFA)/(mg- L)
i m <2400
15 i @ 2400~2 900
it M 2900~3 400
it @ 3400~3 900
(21 MW 3900~4 400
2111 H4400~4 900
4 900~5 400
21 5400~5 900
11 >5900

Bl

AR (g L)

0 20 40 60 80 100
JEURHEL b (5 4% o HE )%
(b) TVFA

BT Mgk i A ORHAC L -5 i R {E A9 A5 26 P

Fig. 1

10 000

R

= 8000+
6000 p

4000

ZBERITVFAT B/ (mg

2 000

0

0 100

25 50 75
JEURHEE b (B A W3 i kb )%
(a) ANRIECEL
8 000
7000 |

6000

L 7/
5000 7 % /
4000 ’ // % %
woml e

BEFITVFAF=/(mg - L)

Z
_
=
S
S

(=]

B iil/d
(¢) 50% KW 4l #E7= Z B RIS

Contour maps of zero-valent iron dosage and raw material ratio and response values

14 000

: O U U
E“ 10000 - 5 / / /
IH g 000 % / % /

120001 — =

i 2 Z
2ol
4,?‘&‘; 2000-—

’ ?5{{[‘%@&731[10%/ (g Lls‘) ®
(b) AR
g 12 000 — ...... = P
E”looooj _ % 77 / %
e WL
h% 4000} '
E o)

HA}/d
(d) 50% KW+10 g/I. Fe®ZH 433 R 2 B = TRl i
B Eim sk ODETR EBE5 T BRANER iz 1l 2T
El 2 OREFEZEX OB TVFA F= i 15

Fig.2 Effects of different factors on the total production of ethanol and TVFAs



.44 - AEEA TRAE2AR (A ARERR)

2023 4F

TVFA Al 35 (7 119. 4 +60) mg/L, 5 B F 4
I 2H A A Jt 7 i 4 A L A3 I3 R T 206. 78%
M113.98% , T4 A sk 5 el it 50% J5 , RE0
IKFRRRAGRE 1 T B, BT A B3R 7 b 100% 411 2 1
FITVFA P20 A (3 246. 2 100 )mg/L, iX 35 &
DK Ay JBF A i3 P 47 e 8 AL a0 HoK i
AR T VE R B RS ALY, HLTE B IR
20% R BEAR R R SO B 22, — R E T
M TR R WK IR AR

2.2 FMEXKEERLIERENEMm

LA TR S o 4% 5 3 RV Tt o B 1) 32 LK
IR AL 7= Wy, & R 7E TVFA & 5 [k 95% L) I
(P 2) , X PR A JB 4 i B R0 28 T 57 3% 1) 90 ) 49
U pH{E N 4.5 ~5.5, 763X 1 pH U [l T, & BER
AR R L BT R BN L BR T K e b 1, W
2.1 WAl sn, 78 FORHEC L 40% ~ 60% F1% A 2k 4%
JnEE 7.5 ~12.5 g/L WG [ ] DL JA] s 3R 45 45 e
1) CBERN PR 77 1, PR A JoF 4% 2 3 e 50% 1%
BRI B MBI R, W 2(b) FR,
L2z (Xt AL A H, B AN 2k e A A i R G
R, BB R 10 o/L B =R 1 Sl B i, 5 d KR B%
JG PR N (6759, 1 £100) mg/L, Z R i
(4 762.7 = 104 ) mg/L, TVFA Hl 2 B ™ & N
(11917.4 +£130) mg/L, X J& W F 75 KA & Bk
F MRS S LY R A OV, AT RIS
A G0 EAE JF A (ORP) |, $EBEA B T IR %
YRR IR MR N B A K AR
T I TR R TG R BE 5 1Y 5 K i R 1k LA K
Joe ik B AR A W A RS (FI SR R A B
Bt 2 R G A s ek e R T RE
R A B MR BT VR F, DU X A e R B

E R EM R 10 /L5, LB
TVFA RRUEE A4 S ORI R 3, BARTE 5%
HZRIE 1 (b) B e B i 240 4k mT LA gk ™=
TVFA  {H i FE 8 AE AR 2 2 R 8R4
B TR R R, I A RE 4
RIEMER 10 o/L K & A0 09 2 #r i 4% i
L

50% KW +10 g/L Fe’ 75 [ %} G 50 41 Al 56
R B RE CEE R SLWE 2 (¢)  (d) BT
R AL HOR IR 2 e 2 BR N 2 B vk E S H T
S TN AN R 1 d 5 R ) LB £ TR
o T R, A TR LR R W o AR e T
706. 10% F1 682. 22% , 1M %F B 2 78 & % 1 d Ji5 AH I
{LIEIN T 171, 23% F1 292. 68% . FAMr 4t 2 5877
CEEMMESHE B2 5 d KEEG M R4 £ B =il
(3096. 1 +90) mg/L, #l tb 2 T E M 8 8 m 4 £ %
PR T 118.32% . Jing % A8 56 TR k4R Bt
iR IRAETHAL B I b, & B 0 2R e A% B S 3R T
LR 1, BB RG R R T AT ] 55
IKfRFRIL R E RO A B T KT ALY
FEAE R TVRA . FEM B BOMA R LA IZ 1T 5 10 =
iR )= O BE ARG, Uk B B BT DL
LRI TVRA 7= i s T /KRR ARk T
IKfRER LR

WE 3(a)  (b) Fia, AR AL G LT,
BEE NGB, TS BR324 W A3 5, R
100% KW 414h VS BRI ICI 52 5, v] ILEA
BREVAINS VS KBRF IO BAH M, BomEAN 8k
A LA AR B (1 3 (e) ), R AR Jad by 3 b 2
B WHBR , BT LA 8 5T b7 3 b A i 50 41 il Bl
R m . R ROR , A E TN R FH &

60

25 30
I CJ0g/L ke C10g/LFe 15 g/LFe CJ0gLFe A0 g/L Fe°
5 g/L Fe® 25| [CO5g/LFe 20 o/LFe° 501 [CO5¢/LFe IS g/l Fe
201 10 /L. Fe? 10 g/, Fe? i .o 20 /L F°
s T EEISgLF | o0l Sy
W I5F o 3 ¥ 7
& L g & 15 g% 30 ?
# 10| G 2 % b ]
o 7 Z 0 = 20 /
= L g é = 10 Z = g
st ? ? é
S0 10
110 A m é g
0 77 77 77, 0 77 0 A
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
JEUBHBE L (B A 5 L ) /% JEURIC LL (8 4% 5 L )/ % JEURKE L (f 4 o5 10 ) /1%

(a) TSERRZ

(b) VSEHRAR
FEl 3 TS/VS BRI R R

Fig.3 TS/VS reduction rate and oil degradation rate

() MARFERR



5% 3 3

BT IRAE . T BROR ALK AR R A 0] 5T A S 4R B R 5 PRATH AR PE RE A 2 ) - 45

FICIHI IR B A b, 7 BE AR B3 HE 50% 1)K
A CYEMARI IR 10 g/L I IS M
44.18% MBI & = 15 /L 5, RN
44.23% AURE T 0.05% , b Al LA 2k 4% in
Mt 10 o/L 5 MR R IF A REREE A0 2T &
(R RGN T S R R 3 AN IR BT 3 R A R IR
RN N e A WS T O (ER 9 BV S A S I 1): =
AR I A R G R ) K R BURAT P
5, NI BELIET T 9 A% o A7 sl o 8 in 2 4k
AT LABA f 2R — 1 L

SCOD ¥ B S T & A4 2 A LA A 7K i 12
RIG B it 5d FR ik A& 1, BN AR [R) 28 2 A ik
IRIGLH Y SCOD Ve B A AR R 3 (R 2) .
I 50% KW 41,50% KW + 10 g/L Fe 4155 5 K
SCOD ¥ i ] LI 55 76. 5% , 3¢ W3 i #% I & 41y 4%
AL 4 =5 SCOD R BE 12 1 /K i R Ak i iE 47
BR T MBI, TR A 43 1 20 43 BT e L5 e
KRR AR HEAT o XF LEAS TR E L i 56 2 1Y SCOD e
JE,100% KW +20 g/L Fe H1ES 5 KA SCOD #e i
XA (31.70 1. 13) g/L, 1 50% KW 476 [HZ A
BREI 2 1% 5L T SCOD ¥k B ] LA 8] (57.45 =
1. 61) g/L,3X FEE PR Jof A 7 3 v 5 s A6 v (9 KL
CF YR T TN A HLTME LAl PR K A0, R )
TIRRWK R

#*2 SCOD ¥kE
Table 2 The concentration of SCOD

EFS e e 73 e) 1 =v4 SCOD ¥/ (g-L7")

i He/ % (gL 0d 5d
0 19.34+ 1.77  47.37 + 2.07
5 19.45+ 1.30  62.95+ 1.20
0 10 19.70 = 1.30  64.45 + 2.30
15 19.95+ 1.81  65.45+ 2.11
20 19.70+ 1.81  65.70 = 1.00
0 17.59+ 2,19 31.13 + 1.47
5 17.81+ 1.31  53.95+ 0.71
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Effect of zero-valent iron enhanced hydrolytic acidification on the
anaerobic digestion of kitchen waste and food waste

LI ZiQing CHEN XiTeng YUAN HaiRong® LI XiuJin

(State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The effect of adding zero-valent iron on the hydrolytic acidification of kitchen waste ( KW ) and food
waste (FW) during anaerobic digestion (AD) has been investigated. KW and FW were used as AD substrates in
different proportions. The dosages of zero-valent iron were set at 5, 10, 15 or 20 g/L in order to investigate the di-
gestibility of anaerobic systems with different dosages. The results showed that the highest hydrolysis acidification
efficiency was obtained with 50% KW group, and the ethanol and TVFA concentrations increased by 207% com-
pared with the single KW. Appropriate dosages of zero-valent iron can improve the total production of ethanol and
TVFAs, and the dosage of zero-valent iron was positively correlated with the oil degradation rate, SCOD, produc-
tion of ethanol and TVFA. However, when the dose exceeded 10 g/1., the improvement observed by adding further
zero-valent iron was not significant in the case of hydrolysis and acidification. Methanation experiments at varying a-
cidification contents showed that the cumulative methane yield (CMY ) of added zero-valent iron increased and the
AD speed rate accelerated. The CMY of KW with 10 g/L of zero-valent iron was (2 664 + 130) mL, which is
15.61% higher than that of the control group. These results confirm that adding zero-valent iron during the acidifi-
cation phase can improve the AD efficiency of KW and FW.

Key words: kitchen waste; food waste; zero-valent iron; hydrolytic acidification
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