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WhRe, i EHA AT RAERAIA, e IRCR .
1 MRI5EE
1.1 SCGERY

ARSI I FH TS PRI A FRH T g X LK el At , Bl i85 i 0t Jn R R AP I
TSV 1 FiR .

R1 ORGSR
Table 1 Characteristics of thickened sludge %o

EkER VAN SS C H 0 N S
97514046  1.41£032  2.50£046  21.34+0.05 3.36+0.02  71.38+0.11  3.02£0.01 0.87

1.2 WFHE

1) KSR o ZEABEPIRSHEREA 100 g H4ET5TRLA I 10% (wiw 158 T 5R) BIBRIEGING, B4
(361 L AWM, WZA 250 B, HINSMBIABRTHEAR, E) %EE, HASWHE 10 min LBRIERE
Ko TEFEELL 250 romin™' BRI THERE, FRRNEELL 4 °C-min™' FUERIARIEEIRE (150, 175, 200 F1
225 °C) JGAE AT S R B RZERE 2500 0. 0.5, 1.3, 2.3 MPa) F, 7EBCERIRMTE] (0.5, 1 Fl
1.5 h) WEARFIETR . BRABEERRS, il AR AIERRR S N 28R H B R

2) IKIENEA IS YRR, WEERKIG =2 15 min, $53K 4 000 r-min™' (BSOS, FIFHEZSH
PESYESFER WA I 1 mol- L™ i HCUB /KA pH (EFER] 2~3 LI, AT LAERE /K PO S MURAS
FERE IS BN EIAIRI S SOP, # SOP A 105 C M RIEE G, TSR =%,
PR AAEAR], BoKEHANIERGYra 40 SOP -X (C) -X (h) -
1.3 HEEE

- <y oy SOPTHE .
KA PR GY (%) = FHVSS © 100% (1)
_ AR VSS
AL & (%) = R 100% ()
_ SOPJfikt
KAL) 5 (%) = 100% — SOP i He — B A A LAY o He 4)

14 FRIERE

SOP [ 'E REHT R FHLIAMEREIY (Thermo Scientific Nicolet 6700, Z2[E) #4T4047; RIITE /L
(Thermo Scientific Flash 2000, 3&[E) Jli%E SOP /1 C. H. N, S LEM SR, O SritiEd kit Eiiis;
i X B2 TRERSY (Thermo Scientific K-Alpha, ZE[®) 431 SOP 1) C. N, O JLELiGAZML, I8
M Avantage XF C 1s, N 1s £1 O 1s JTCEIA MGG

2 FR5ITR

2.1 KBMENBEEYNFEER

1) IR RN RIAEEMR o ZEANRI SRS A ] S A3 206 SOP F=2adnl&l 1 s, ME 1 al%, ek
SN 130 °C. 0.5 h ISR R =R, B SO IR R TR R U ER:, SOP fRF= Rk L B N R
e MR CHEN S 90, X rTRBE TR NN LA, SEREAFITFESERER N, 33
SOP /b, YRBIREELE 130 °C 3| 150 °C Z[aliF, SOP P RAHEAK, (H2MEE T 150 C 5, 72K F
R REAR A, MR TE] A 0.5 h B, SOP [F=3H 150 °C B 1K) 28.5% [&5) 200 °C (1) 14.73%, FEIKT
13.77%. H¥& WANG 252 (i8], 130 °C 2] 150 °C MimFUREJLE, ATiRcE YR &Y av BRIt
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FEVE RN EGE BT, I EAE 150 C U2 3K 35% 7205 h
SRR LR . fE 200 °C F R B 0.5, 1. 30% ek e 178 =18

1.5 F12h J5, FERONIN 14.73% . 12.09% . 10.89% 25% | E E2h
F19.81% Z3%k He AT AN BE RN R AL X SOP s 20% [ |

PR E K, ZHANG 60 (BTt 2 i = isa) '

FEAER R A R R B TR AR,
R AN SN, TR SOP AYHALE I, it
T 2R N R A

Bl 2 B T FEAR KR K= h
ML A A . a8 2 A, YR H 150
FE2 225 C B, BEAHPAEY &1 19.32% [
% 2.18%, UiHABEEIRERT R, EZ2AA T
AZBAR . HATHRECH R A SOP F= i e jd />
(H1 44.6% [BIKZE 13.78%) , Alfeieh TIEIseh
B E S WK PGS R 27 2 FhBBE: 2
—AN B S A WL SZ I (RS A A B K R
W 5 AN BOUDE I R TA L B S A
[ SRR IV T RIE AR, TG
FHRAG pH (ERBUT R . LA IR AT 8
AT LA FRU TSR SOP s/ b

2) BEAEAS N A FE R o AS TR BCE R Jn 7) X6
SOP P3RS UL 3, @ad &l 3 a5, R
BF1E] 2R 30 min, ZKHGEEE 5108 150, 175, 200
H1225 C B, 80 2 RO AN
FIRRESL T, FEEIREA LT, SOP F=RE7E T
[, {EFEA 10% (LL5TRT ) B9 NaOH il 10%
1) Na,CO; SN e A2 7 H8 0 b o2 T IS inesf i
PSRN, MK IGEA R 150 C 0.5 h A,
ABINES MR SOP 7= 3% 02 9.82%, M T
10% B NaOH I Na,CO, ZJ5, K3 19.76%
F118.49% XA IIBRIEE IR 2% SOP Ay™
B e oY Ay 41 0b- A IS T W NG S o RN I
T SOP $EH AR 22500 . BRI INAT RES
PIBIERAL TR, B SR S RS LA AR,
M A2 F R B A TS e A S A iRl
HEPNPESY, AR T oA R EEAE LAY
ALY A 8 KA R S AR AN A5
PEHE S BRIL A K SR, IS T SOP Ay
FEE, SREAT T SOP MFEICEA A 1EA ,

10%
5% 1
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Fig. 1 Yield of SOP under different temperature and
time conditions
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Fig. 2 Distribution of organic compounds under different
temperature conditions
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Fig. 3 The yield of SOP with different alkaline additives under

different temperature conditions

X AT AESE B T AR TE 5 ) NaOH 5 Na,CO, 1EN T BERYBREE R AR, A VR TR BEMTAN A 5

EZUIU

NaOH XA AR LA 4. Tl 4 vTLUE Y, ARG NaOH XK A Hl
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SRR RN . TRk B A 2 A /K ] 1 SSEEAHY A RBATIY AR NI Y
KL, SOP fEVRIN T 109%NaOH 5 F 15 10o%er A
FI TR SOP 1, it KSR AR S som0 | .
WP, 15506 SOP 5 HAYTE 24% £itq s I
X5 MG BT A R —B,  BEE RN
KPR T b, A0 S0 B o s =R B e o I / /
XA EErH ThE%E NaOH HIE G, SOP Hhir+ 20% | i -
PSR LR G A A SR, T 2t 24% || 2%\ 25 | ) 24
SEH AP IR T2 T, PG SOP 1y s 1% 20%  40%
PEBCRISFIE S, (HFHE BRI IR A NeOHE N
B A MRS AR N T, AT SOP 5 El4 NaOH RMEXENIS RIS
H_/J:Igﬂo 257 ﬁﬁﬁ}*ﬁﬂ%ﬂi&ﬂﬂ 10%NaOH, 71({/2 Fig. 4 Distribution of organic compounds with different
SATHOBARITS KIS IR, B3 FIFA SOP NaOH dosages
e .
22 FRIEHTKBMENE AR

1) JTCEHT. 2 2 51 TARRK IR ES 2 SOP it R4l Al O/C. H/C JRFHb. g 2 a4,
SOP b il c R & C (15 47.38% % 62.38%) , SRJG40il/2& O, H. NFI S, FE&EIREEM BT, #hd
B C, HAIN &R LT, O S relR AL, UviliRes SRR ET =Y, O/C Ml H/C R Fe Y EEAR
A RT R S Kk BV B R i A P I RN 32 S I R AR AR, SEad 36 2 ANl 5 R B O/C JRFHLAIF
AT H/C I T 1 (O/C FuA 0.57 F£3] 0.28, H/C M 1.68 [43 1.52) , B 48 R 2 Lo 38 e
JRZL (RIS I s, SOP By H/C HUEE T 1, X—&BY O/C [ER FFE—EE, SOP fyfk
SERRAAAE ST B EAELENS . H/C JEF Het iT AR A i SOP (55 A fkiBtl, S HABZAH3 2R SOP HtL,
150 °C 135 SOP HAT XA H/C JRF L, FRIARSHIRERE SR, F5A AR sE/ D, H/C Tk
%2R SOP Rk, IREGHAL, SOP AYsR/KPER, hWattnd & ek, 5ok, o/C JiFibs
WOKAL A PIRRIR A <, 5 O/C HLRIWIRES S A Hem HL B O-%e e MR T REMT, 36 2 Wonirfik
T AR SOP 1 O/C JiFEuirm, UiHIRIRIERE TS 21 SOP & T ZHRIR MK, X 5AM5TH
AN . XPS 4553k

*2 ARIBETHKEEEIREYNTRES

Table 2 Elemental analysis of SOP at different temperatures

AR L
& 3
SR

FE C/% H/% O/% N/% S/% H/C O/C

SOP-150-0.5 47.84+0.23 6.69+0.05 36.4+0.29 7.45+0.03 1.47+0.01 1.68 0.57
SOP-175-0.5 53.09+0.18 7.41£0.03 31.14+0.21 6.59+0.01 1.58+0.01 1.67 0.44
SOP-200-0.5 57.42+0.15 7.76+0.01 27.28+0.17 5.9+0.03 1.35+0.01 1.62 0.36
SOP-225-0.5 62.38 7.89+0.02 22.94+0.03 5.3£0.02 1.21 1.52 0.28

2) LLAMGRE . TR VIR ERT SOP Fifi B REHIRZ I, FIH FT-IR XFARRIKIGEEFRFAY SOP
AT TFAE, WK 6 . IEA SOP 7E 3 500 cm '~3 300 cm™' #5A — R IMSRANIMIS , Sl b
(Anmss . B2SATRIR) 1Y-OH frfiiRshs 1Eeny, (HEEERAENITHE, SR AR B s, vIRe
W TR N R E SR AN R AW (N2 MAEE RV, AT RESE R TRUKRCR & #TnsE . 7¢
2925 F1 2 850 cm ™' ALAYMISIEERITTE CH, ZSTRARSA-C-H ZEAMIRSS 2R, ATREE th T RSV By
LS HNRMEAAN I, PEACREE R T, e SR BT INGE , BMRE FUK MR, 2 925, 2
850 F1 730 em™" Ab Wz BiFuge nT LLFAAR I8 s i A B S L SZ A2 BT SOP 7E 730 em ™' AbA I, 3R
B MRS/ D (5HEREE) , (HIEREEIRIER ETE, 2 925 F12 850 cm ™' ALK RFHssHE T, 1i8] SOP
T LN SR SSRGS . IR T 200 °C, 1705 em ™! AbHER T RRRIGHT, IR
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Fig. 5 The Van Krevelen diagram of SOP from
different temperatures

BRI (C=0) . BZEMBEZMMAIRS, XERMTE 200 C LI LIRERY SOP A —Bb ¥R L 57 F HL 01,
1638 cm '~1 658 cm™' PIAYIEAE 2 HERE C=N MZaiRSNBUIREEIRSN 2R, AR H T A asan
WEIRZREE TR, SRR 175 C 5, BHMGERRRETGR TR, XaTReE i Tk Hud i kA4 T 6 hisR
B, X STCETT N S8 FFRAEHE 3, 1540 cm™ BRELP-C=0 W ARIFR4E, FEERE T, W
EAFXT S BE A2 Ui SOP &4 T RN . 1 450~1 465 cm™ X IR AW ISCH Bt i 5 TR &)
fl C=C $rfi . BRIIERY-CH, FI-CH, FrMFIBKAg-NH, 25 H#R30. 1 200~1 260 cm™ PIAIE(E AT AE 2 e
BEE A ISR C=0 HrfiidiRal. 1040 com™ ZLAYUEE AT LAH Al C-O-C TERR NI RE (AN FRH A2 FlE
C-O hifft, W REREZLHENTADIERIEIER, e s X — (AR s R TR TR BT R, nlRE
JEHTF C-O-C it— 24 S3U1) .

LIAMGE ISR LI, SOP &A KRMEYEIL . B, S HGMIENIEILEY, hTHSa &R
FIRIFEE AT REA, R nT IR FEAHLRTCHL (FE4)R) 1594, JF HRERAETHE, F3k, SR
IHREASREERAAR, RS HEIREI SR TR, SOP HHRY S A B RERIBRIR, AR TaLuserE.

3) XPS J6i . FEARAY X GTHEROGH FREIS (XPS) IS ILEG AW 7 Fis, M XPS 4] L& BI7E

C

El6 KEERABHMIN FT-IR HiE
Fig. 6 FT-IR spectra detection of SOP
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Fig. 7 XPS full spectra and C 1s and O 1s spectra detection of SOP obtained under different temperatures
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285.09. 532.78 Fl1400.12 eV ZEATHIL T 3 M&, 435X C 1s, O 1s I N 1s. 150 °C. 30 min 5%
A F2IE SOP HA C 1s R4 3 4N, 705l T 284.83 . 286.43 Fl1 288.73 eV, B 1#: /LA MR
Bk (C-O, 74.23%) . Bl/BEik (C=0, 16.05%) FRIRZEM (0—=C-0, 9.72%). *TF O 1s I§, MELFIA
AR (C=0, 531.99 eV) | B#/EEKE (C-0, 532.64 eV) FIEIE (0-C—=0, 533.25eV) ", 225 «C,
30 min [N 55 3219 SOP HATRY C 1s W] 402 3 Mg, 435I T 284.8., 286.45 fil 288.27 eV, B
153 HIXF R C-0 (82.35%). C=0 (9.25%) Fl O=C-O (8.4%), % T O 1s g, MEFAMMIFHEH AR
(C=0, 532.29¢V) . B/ (C-0, 532.67 eV) AL (0-C=0, 533.21eV) . AILIAEH, RER ETHE
eI et N, i/ SRR IR ISR & & N F%. 3k O Is (R iis, 5 225 C ALk, 150 C 13311
SOP HFRILH I & =, X5 C 1s 19 XPS Ml as R —8. SRR B A s — A LRI ak
GG SRR, RIS A L S LA Y SOP #GE A1 il 2 IRAEN B W AT 5 .

3 45

1) BEE AN SN ] s, A AR E I £, (KA TR G (SOP) =ik
IR

2) B IGRRIMA RN T A PR ARSI K SOP (=348 5 T 10% 2ty o XA
#t NaOH Fl Na,CO, J5132I1 SOP f=#, &I NaOH MIEIFACEILT Na,CO; .

3) SOP VIEWIIELEFRS T A E, SAFIE . RILESEERRA. R TR T3 SOP W MEES
WL, AT MR ; H/C Al O/C JETHLBHIRIK, SOP BUKBHRINSREEREN, S8 B heH &ht
Wb, SEUGSCE TR R RIE AL A TR

4) ZE4 RZEIRFEIALE 150 °C. 0.5 h, 10% (L5 T51T) NaOH AUKHGE A5 SOP Bl A1F
RN TR, A= 5w Hab A 5 2 n gle i & A B e

% %
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Character analysis of liquid products from hydrothermal treatment of sludge
under different conditions
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Abstract Municipal sewage sludge was used as raw substrate for hydrothermal treatment in order to obtain
soluble organic polymers (SOP), which can be modified to aggregation media. The characteristics of SOP were
investigated under various hydrothermal conditions with different temperatures (150, 175, 200 and 225 °C),
reaction times (0.5, 1 and 1.5 h) and amounts of alkaline additives. The results showed that the SOP yield
decreased gradually with increasing temperature and reaction time, from 28.5% (150 °C-0.5 h) to 14.73% (200
°C-0.5 h). The alkali addition boosted the SOP yield, besides, NaOH had a better effect than Na,CO,. Elemental
analysis demonstrated that the increase of temperature led to the decrease of O/C and H/C of SOP, which
meaned the increase of humification and aromatization. Results of infrared spectroscopy and X-ray
photoelectron spectroscopy indicated that the increase in temperature led to a decrease in the oxygen-containing
functional groups. Thus, the hydrothermal conditions at 150 °C, 0.5 h, and NaOH dosing of 10% (w/w of dry
weight ) were optimal to obtain SOP as precursors for aggregation media preparation. This study can provide a
reference for the reuse of sewage sludge.

Keywords reuse of sewage sludge; hydrothermal technology; soluble organic polymer
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