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Hydrothermal liquefaction of sewage sludge to produce bio-oil: Effect of co-pretreatment with subcritical water and
mixed surfactants. YANG Tian-hua’, LIU Xing-shuang, LI Run-dong, LI Bing-shuo, WANG Wei-yun, ZHANG Wan-li
(College of Energy and Environment, Shenyang Aerospace University, Shenyang 110136, China). China Environmental
Science, 2019,39(3): 1043~1053

Abstract: Hydrothermal liquefaction (HTL) of dehydrated sludge was conducted for bio-oil production in the present study. Results
showed that the removal of extracellular polymeric substance caused organic matter to break down into organic polymer compounds
at high temperature and promoted the formation of bio-oil. Compared with the non-pretreatment sludge, subcritical water (SCW)
pretreatment promoted the deamination reaction and the nitrogen content reduced by 51.74% in the bio-oil. Cetyl trimethyl
ammonium bromide (CTAB) pretreatment promoted 19.3wt% of organic matter from the aqueous and gaseous phases to the oil phase
and the acid content reduced by 13.49wt%. CTAB-SCW combined pretreatment the bio-oil yield increased by 66.92% and the
alcohol content by 28.32%. Transesterification reaction in the combined pretreatment was the main reaction, at the same time, the
nucleophilic reaction, the oxidation reaction and the elimination reaction were also remarkably enhanced.

Key words: municipal sewage sludge; surfactant; subcritical; bio-oil; hydrothermal liquefaction
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Fig.2 Effect of different pretreatment conditions on sludge productivity
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Fig.4 The SEM of sewage sludge before and after pretreated by CTAB (x20000)
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BN, R IR I 5 e SR /b 3 WA 0B 5
AL BRI [R] e BE TR SR AN B A A R K
fifh B 7.
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Fig.5 FI-IR spectra of the bio—oils obtained from different

pretreated

2.4.2 WA TIAL BT AR o A I R e T
Qb B ANAS R Wi 5 306 e A 3 R 7 ) 7 T LG 5
A R o3 23 A 3B GC-MS Mt T AR B
CTAB. SCW HI CTAB-SCW & ¥k B PU A 4
TR EY M 6 TR T T GC-MS b
(A 20 o258, 18 7 oG TR RNk 1)
)25 B A R R

16 4 FhtabBE 44T, A1 B 4 53 = A I
K Bk BRIE. RIS WS, WESKL WSR2k
WA S P 5 BA G )5 TR IS (33.67%) FIE R
(38.11%) 52 o FHUAL BE 45 A1 1 AE Wl 16 3 B o3, 1
F2(20.18%)- 1ik(30.84%) A1 (23.72%) /& 7E CTAB Til
Ab PR N AR B AP E RS, M SCW
T4k BRI A2 40 9 v B R 28 RN IR 2K 4 ) BT &
35.09%7H146.92%, 1] CTAB 5 SCW B4 TiAL 3 41
A A A AR R AR A T TR (21.13%)
Fi6(22.13%) FIEE(27.11%).

HGTALEE . CTAB TRALEE. SCW Tk BEAN
CTAB-SCW XA TAL #4544 HTL £33 1) A= 4 il
SRS AR 49 By 42 TRy 44 FRORT 43 RiL SOk
H HTL A S GG R RRAMA 2 T 24 Fh
IR, 7 it it JO B 1y
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Fig.6 Classification of the bio—oils obtained from different pretreated
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Fig.7 Effect of Different Pretreatment Conditions on Sludge
Product Distribution

TETCTIAL BE T2 v Bl I 1 RO A A 1R 5 5 1
5 %, SRR 13.21%H1 12.68%.7F CTAB FiiAb 2
T )\ v, oy A TR 18.24%, 1K 42 W
HBEAE CTAB $RAEMBRIEIAEE R /KR, A B I R 4
HHRL T AR & i BT AE SCW FilAbBE T &b fe4:
i FEE AR PR G i 22, 20 ) o A TR AR 23.48%
1 14.43%,3X 2 HH T4 LN FFA R T80 [R] N 2
JEUK i R 2 IR I I R 5 I A T R AL Y. A
CTAB-SCW BtATALEE T 2, )\ BRI i 1
A A ST R 16.41%01 14.92%,1% 5% 1 T
P SR & A2 T 7K AA BN, [ I FFA FHR SRR AT 5E
2 SN R A R B IR T B B van AR At 1) o o, 48
T, CTAB-SCW BEA AL BE T 20, A
PR IS R AR, N 21.13%.4HE SCW TiAbEE T
2RI RSB 35.09%A LA PE T & R iR &
i 33.67%, 18 550 A B FE T 39.78%F1 37.24%.

I A B, S I T TR B A A e T

M 6.49%FAKE 0.3 /2 i T Ml fE sl Bt F &
7K N B, 1T SCW i H K (1) FFA Rl Jit
PR A2 1 el PR A% 1, P LA 5 7K s S8 A ol g . S
KA REAE SCW 451F T 2 K AR R4k s N, i A SCW T
VAR B A v T B AR R S & BT
CTAB-SCW A Fl 4k B 7T 2 R PR A A S I 43 o
5it, T A AR R IR B B IR 5 1 B
ik (18] = 22 s 7 XA e i 7K R i e Ak adh v 3
CP N A A AR TR 25 T I A S TRE i i kg 3 % 2
TR S5 A N B b oy o 2 R A 1) e K o IO AR
JSCHRE . AE VG TR A5 AT K AT LAATE kBB v 741), Bt LA
T A2 PRI PR 7 A T 2 KB PRI B Y K (7.68%).
243 BEATUREN AYIMAKER W A E
P W7 2 0 el vy R KN AR AT VR R
(TGYSH T JE 5 GC-MS 43 Hr 45 oAl L ENIE. &) 8
MG IR AR AL HE 5 7E 340°C FHE 40min 3575
(1) TG 73 #r th&e AL /e G U A 30°C N
F| 800°C AE LT FE . CTAB. SCW F1 CTAB-SCW
RS EIER R A 2.53% 13.90%. 4.90%F!1
0.13%. A [F] FoLAR BT A= 1) i FAKE 08 P g i AR A 2
TG TAL B A P () B SR UG T 175°C 1
305 CIAFIEAE, JFAE 501°CE5 T CTAB Thikb#E
JE AT A, AU TG T 90°C 71 256 Cik 2]
UEEAEL, JFAE 515°C & o) FFUA T B4 2% il B2 5 DR 3]
S FE I T T PO A 3L N 1R A= e, 0 SRS 1R A )
T3 1 5 B G TAL BRI IR A ) R T E CTAB-
SCW B4 PilAb BRI 3R A5 1 A vty T PR P 4R T
80°C, 7t 390°Cik BIEAE, JF7E 511°CE R I Tikb
FHLE,CTAB-SCW  J& 3145 19 A= i T S0 2K 1 4



3 MRS CTAB 5 WWIlG Sk BEA TRALFE X5 Y8 7K B Ak il 46 A= 40 3 1 52 1051

U SEAIG, (H B B R B 221 AT 285 C IR HUE AR
FE7.CTAB-SCW /=4 itk T B R I AEL R 4 R U
FER v T FAE B, Ul W A= 0 231 AT R A e
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Fig.8 TG and DTG analysis of bio—oil
— LTiALFE,- - -CTAB, -~ SCW,---CTAB-SCW

A ek i s A T AR A R KN
LRYE. R 2 Prom, ANE 7 2 FRAL B A A i)
b AT FE A ARSI sE . U AE A T 400°C 14
PRI A8 FH 2 T 3 2 7 Ak S A5 30 R AR R
.20 75%, 1% T L TAbPE(85.5%) SCW(86.26%)

FI CTAB-SCW(85.00%). 4} 5.4 B 457 FH 2 1f1 v 1 771)
5 SCW B AL A B T A ks o T2 Ak S T
A LAHE— 2 4 e i B ),

*2 WMAEREWHABEYEERE S (%)
Table 2 Percentage of distillate range of bio—oil after

pretreatment (%)

TRFE(C) Tk 3 7 5
UENE CTAB SCW CTAB- SCW

40~100 0.95 0.31 0.10 0.75
100~200 4.74 11.39 8.18 10.08
200~300 4276 41.32 50.22 31.97
300~400 37.05 22.81 27.76 40.48
400~500 10.34 9.07 7.84 12.13
500~600 1.00 0.75 0.64 0.77
600~800 0.63 0.45 0.36 0.48

>800 2.53 13.90 4.90 0.15

2.4.4 WA TIAL BN A4l oG 3R A0 A AR

feisgm R 3 Frosdmif oo g /bl a4
ETRAL S A3 B A iR S T 2 AL A
/D 32 th TG Y 45 A KA TIUAG B s e
Bk, K23 A AL At 4 T i A ) 340 50 TR R e 309
WL O/W BT N AFAE 1T SCW AL G- BUAC RN R A5 2
O R BRI CTAB &5 N—#k/r 2 JE Hik
ST 1 KA SN 78 53, B 5 Ty R A I 3 S R
M A T A=t U 5

BEAR, R BRAS [R) TRUAL B2 J5 A6 4 il 1R FAEL L
CTAB-SCW>CTAB>SCW> ¢ i &b B . [K] st A~ [7] T
A BE AT LAAS [R) 4 B2 i 12 F m] AR e S Ak 5 ) ' A
e B AR CTAB-SCW TRANH G AWl h
B o T HBERAE T O/N/S i FAR, 25 4 3
(EA BN

x3 EWHBITRES R
Table 3  Ultimate analysis of Bio—oil

FE C (Wt%) H (Wt%) N (Wt%) S (Wt%) O (Wt%) P MI/kg)
S5 70.71+028 10.09+0.21 6.05+0.34 1.29+0.19 12.87+0.20 32.18+0.33
SCW 74.81£0.17 10.65+0.29 2.92+0.32 1.20£0.35 10.43+0.22 33.53+0.28
CTAB 75.16+0.25 10.40+0.14 3.00+0.11 1.10£0.28 10.35+0.48 35.29+0.46
CTAB-SCW 74.89+0.35 10.49+0. 44 3.28+0.22 1.04+0.09 10.30+0.33 35.35+0.52

VE:"0=(100-C-H-N-8)x100%. +: Fr#EfiZ(n=3).

2.5 IO THUAL B X ] A B 1Y) B AR A R
251 ysleBaErcER S Tl 5 AdE X

23 AN FAL S FAE 340°C,40min 2544 F HTL 3£
75 I B AR ER A AT bR 4 P EoR T Tk
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7 A S 39 %

ML ICER T R B AT 1R 45 L AE 4 FhOAS IR 11 [ 4
B v v G YA B v R K 43 e B (R (75.2340.53%),
] 5 i FH 2 R 4 S % e e 1 (23.68%). 1% 3% B Tl Ak
AT DA V5 3 A HLA 1) VA BRSOAE AR JE T
Ab 3 AR T C(17.8620.33wt%) 1 H(11.54+
0.12wt%) 7 E 7 4 P [E] (45 v 15 i v, B 220

ToAb S5 At b SR RS N, 3X 5 GC-MS J3
&8 S — S IR TG A HE ] A SR T N(1.09+0.08%)
R ST N SR s g R —2 5
28 1o TROAL B [ A ke v AV 5l 3 ARG, X T e 2 et
T AR PR B A WL D T B S A i A
EFE A R 45 R AR S

x4 FREOILST. TRSWAE

Table 4 Ultimate analysis, elemental enalysis and calorific value of sludge

- Tk BT (wta%) TCE Y HT (Wta%) AE
M A v FC* c H N S (d, MI/kg)

R 1.09 75.23 15.94 7.74 17.86 1.54 1.09 1.92 6.81
+0.07 +0.53 +0.28 +0.21 +0.33 +0.12 +0.08 +0.12 +0.28

sew 1.34 80.50 12.50 5.66 16.29 1.10 2.53 1.60 6.28
+0.23 +0.21 +0.25 +0.15 +0.12 +0.02 +0.09 +0.13 +0.26

CTAB 1.47 81.85 9.17 7.51 11.10 0.96 2.43 1.63 4.03
+0.55 +0.34 +0.14 +0.37 +0.25 +0.13 +0.01 +0.02 +0.18

CTAB-SCW 1.39 80.11 12.74 5.76 16.47 1.16 3.78 1.26 6.23
+0.13 +0.20 +0.44 +0.18 +0.51 +0.47 +0.14 +0.42 +0.12

7E:d: dry basis. * FC=(100-M-A-V) x 100%; +: it ZE(n=3).

100 g — .
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TG (%)
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85 1 1 1 1 1 1 1
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Fig.9 TGand DTG analysis of solid residue
— I~ -- CTAB,---- SCW,---- CTAB-SCW

2,52 MKG THAL BN Y S B R T RS W ) 23
BT ABA A LA e ] Ak 1 PR e

s 2 3 2 5 [ A vh o WL B 0 A
BRIEIEAT TG 43 M. JC AL BR A4 [ A4 5k (1)
O B e (13.90Wt%). 117 1Ak B ) 75 e 5k v (1) B
R I B D 1K A Y R e T R K A B R
98/ HAH ERAIE. 5 JC P AL FEAH LE,SCW i 4 38 2 1y
AT LABRAR 31.51% i) HE B 403 2. 45 6 1iF 18 1R 29 A A R
T4k BEGT [ A2 B v v 1) B 23 AT AW Sk KD 5 . A
I el TG ko B =3B 2 — 3 o 2K
7% 53 T B LA HO M T 1) 43 A 0L 58—y
TS HUD 1A 43 8 LR A 2 43 (K A LR 0L JE T
QP CTAB,SCW il CTAB-SCW 4%k 1 1) 5 41
K43 13.90%,13.13%,9.52%,11.44%.[X] Ik, 6 Tl
A BRI ] A4k v vh R AR A WL B 2 5 =
(¥ 3 B T ML A K2 T HL I 4 i ) 1o ek
P ] A4 B 00 1) A 2R 2 S AN, [ [ A B
AT U e 55 357 4 v DAk [ A B v 1) F AR E 115
B R =y X U VS Ve T LA S 2 1) e
FIAE [ AH .

3 i

3.1 BSR4 K THIY) EPS XA i) A et
PIGEBEAE 7= R i vl TR 40.34%.
3.2 SCW FiAbHE vl i - E8 Ak S5 I 2 356 Jse o, 42



3 MRS : CTAB 5 LI A KBS TAL BTV e 2K AR AL il & 25 4 v R 52 ) 1053

TH23.11% MRS B IR ICR 5 6.05% K2
2.92%.

3.3 SCW Kb# a5 e [Fl Ak s i e e 1 19 21 vk
3,50 22 I WA 1) A [ AH e .

3.4 CTAB FlibEE ] LLRIR EPS JE R =i EE K&
{180 A A B 5 I, R i AR sz I R T s 1) A k.

3.5 CTAB-SCW K& FlabFN AT LML Rt Saytzeff
T 5 R N R EAT A AR i T e TR A
WK EEE = 3.17M/kg.
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