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Experimental study on treatment of high concentration ammoniacal nitrogen in
landfill leachate by negative pressure evaporation-stripping combined technology
ZHAO Xian-guang', YANG Shi-hui' , QIU Ming-jian®, GUO Zhi*"

(1.School of Environmental Science and Engineering, Nanjing Tech University, Nanjing 211800, China;
2.CECEP Engineering Technology Research Institute Co., Ltd., Beijing 100082, China)

Abstract: A new “negative pressure evaporation-stripping” combining technique is used to treat with leachate from
waste incineration power plant. The experimental parameters are optimized and the removal efficiency of ammoniacal
nitrogen is investigated under different conditions.The optimized operation conditions are as follows: the temperature is at
67°C and vacuum pressure is —0. 08 MPa for the negative pressure evaporation, the gas-liquid ratio for air stripping is
1 000:1,and the stripping temperature is at 67°C.The concentration of ammoniacal nitrogen in leachate decreases from

2 621.6 mg-L™' to about 500 mg-L™" after experiencing negative pressure evaporation, and drops again to less than

150 mg-L™" after stripping treatment.Total removal efficiency of ammoniacal nitrogen exceeds 96%.

Key words : negative pressure evaporation; air stripping; landfill leachate; ammoniacal nitrogen

Wit e ) 2 B R A e ML K B R
FEAE A AR TG B, H AT T AR SO A S e 3
FEL A 0 B3R Y 2 b 2 b Oy 5 E A PR i 2
SR R IR B U R P A U
R R B C/N HE AR, X g Ak B AR AL
TR AW, DR 38 A X 85 20 R A T
i 2 A B ol 0 R R R R R T A,
FUGEE C/N L RA R T AR AR A T Ak B 14
B PEACR

W LB B IR SO B A BB B
P PUE % P R A B R
T MR s AR AR R
KA AR R S K
Ji ik A T AR R N AR, B T2 o /N 3K

& B H#A.2019-04-22; & E HHF:2019-12-18

RAE R R, HAT TR R Y2 SRk Y i
K pH —Bez il e 11 2247, T IH AR R Bk, 2470 1
ALY BA I =43 2 2 BT AR T
SER R U A A+ A5 T BOR AL B 3% 1
DB, BT HOARALRENS M $ o UL BR %<, i H.
SRR Z I KT VA RN a] AT i A 2
FEARREAE NG R A | A% B BoR BA B iy 4
IR HHE

1 SEIREH
1.1 EKEKE

B e I pE S B R AR e K L 15K
Bml G, 20 [ ARTTRE 24 h, B 2 RARAEAE 5°C 7K
b, B IEBOK BEAR IR 1 Fis

YEE A T (1968-) , 5, i+, Bd , B NG T 5 s il B B R (5T 5 5, 2xg174@ 163. com; R (1985-) , 53, i+, T-RE U, B
FE 77 10 R MEAL 35 7K BR AR B R 3 TR R A, cuol5chem@ hotmail.com,,



- 188 - FAX AL L

®1 HRRHEREAKR

COD/ NH;-N/ TN/ TP/ 1c/
pH
(mg-L’l) (mg-L’l) (mg-L’l) (mg-L’l) (mg-L’])
8.0+0.1 2600~ 2000~ 2200~ 10~ 2350~
3500 3000 3200 20 2800
RHIK

E405E 2 H

1.2 XWEE

B 3 R B 2R K 5 R Ak B S o ke A
B 1R,

FEATAE AR AE 4 30 mmx400 mm [ 3% B4
A TH R AR ORI, Y2 AA 29 250 mm (= 1Y) 3¢ 5 5

1 3

1SRRI 50 s 2— R 5 3— KA s 4— AT AT s S— L 28 38 s 6— T 38, T— ORI SCHE 1 5 8— IR A 5 9— it

Bl HRDREGEERLEGRARAE LR RE

FEIORL B3 RV K RN ZE AT AL B S KA 4y
TR FHAE S AT Ak | AT A SR ] 25 SR AR
FEAHELAS | Ff AT A 0 I8 AT P 1 357 30 007 0 R i 7K o
Y10 1 Lk, B350 i R FHAECIR KIS i 72 4
WR I3 R AR 2 W e A 3R
1.3 ELWHE

B WA UE W B S HE AR T 1, 28K B TR
JE i AZR R SRITRE 4 1S, 250 A a3 ) oA il it
FE P IEDRHIE A 28 R B AT G, AT I 44 22 S 30 15
TEE FT I EZS I8 5 XA 4 0%, B3 I8
SR BRI, SR e RGE TR A 6 it
AR MEATE 8 55 A R IR0 Jomm A 18y R ot A 4 flle, 28 Ik B
Ab TS 1 B7 I U R R SRR . AR 2R R M
2SR T2 PR A ) o, M IR A RS eilid
BRI CRE B 7 B2 CO, , FREMISCH: 9 IR, I
IRFRHEL .
1.4 HWFHE

JKFE pH R i #E PHB—4 Y pH 11K
COD R HE IR EL % (H) 828—2017) 4| ; NH, -N
FTN 43 531 5% 48 G500 43 06 0% B2 ¥ (HY 535—
2009 ) FHF A 25 B R 4 T A - 55 A0 43 OO0 BE 1 (H)
636—2012) kil ; TP R FH 45 2 & 4 Y6 6 BE ¥ (GB
11893—89) #5105 IC >k JH & H: TOC-L & A HLik 53
BrASGHATAGI

FRIBRR 7 R -
n=1[(C, - C)/C,] x 100% (1)
A €y AL BT A4 b = AU R E, mg/L; C,
AL PSR BRI E  mg/ L,

2 ZERE5WE

2.1 fAEEALW
2.1.1 BEMNEAAMAKLFENG DA

TR R 2R A L R ) G R L iRk
WIS A AR IR T B2 2 000 mg/L, 78 HLZ5 i
-0.08 MPa £ N UEZE L | h, BEER X 78 K Mt
FRCRBY S 5 RAE 2 R,

90} 1800 =

s 80F 1600 %
T ol 1400 =
%’ 60 1200 &
= SOF 1000%
& 40F 800 &
% 30t 600 ®
20t 400 g
10F 200 <%

; R

0 90 10z ° W

IR IE R 2R F R R AT R

2 EEMEXBMERENE W
HI & 2 AT LUF KRR T, S BB R
B3, R T 67°CH, M & KR &, &
AERRCE I R E T iR = T 90°C i), = A

=



2020 F 28 BB F AERL-RRASHRALEBIAHRRSRERASLINHASR - 189 -

FRACREIG NSNS, X &H T7EH 25 5 -0. 08 MPa
B, B UE W AE 67°C Bk 29 5, KRR 67°C
BF, 28K 1 h J5 2 AW B F% 2 634 me/L, &A%
R 68.3%, AR LT, WA RCR &, (H AR
FEAIR A KIEIN, LR A28 s T A F
RACRFEHNR B R RRERES 67°C
2.1.2 AREXNEZBLAIENG 0
FL7S 2 A5 R ) KRR 1 W I O 5 e I 2 A
B, WRIIER AW G s WA 2 700 mg/L,
TEKFEIREE 67C 5 FIRZE K | h, BE AT
X785 R IR s 25 3K 3 IR

70 3000 —~

-

60+ 1 2500 &
# 40L 12000 £
B30 {1500
201 2 =
Y {1000 &
10 ili

iz

0 1 1 1 1 Il 500 N
-0.005 -0.06 -0.07 -0.075 -0.08 ®

K25/ MPa
1—Z R AR 20— K5 R E AR Rk
B3 AREXNERMEREND W

HIE 3 AT LUE H, F25 BT, B /KRR 1Y
hIE AR AR OB 2 T KA IR
H67°C , a3 E R —0.08 MPa I, 7K FE 4L T8 s IR
B, 78E 1 h i AAMEZE 849.7 mg/L, Bl ASCE N
68. 5% , W BOREA , dR S Has KA 2
T B0l I SO0 30 VR R T B, SR B I AT . BT DR
G5 SIS AT ERAEPE I ZS FE - 0. 08 MPa 1EN A
LR SR
2.1.3 REALT pH 89 L4

B WIS R4S pH 2920 8.0, 1E [ FE 17
JEZE % 5 h 2, KAE pH BYZAEfb 15 Bl an & 4
Fis .

11.0

10.51

10.0f
= 9.5f
a,

9.0

8.5r

8.0

0 1 2 3 4 5
B ) /h

1—45%C ;2—62°C ;3—67°C ;4—90C ;5—102°C
W4 FREEEAEZEF AR pH 8% 4

M 4 Fa] LUE 7K pH 29°8 8.0,75K& 1 h

Ja KA pH B T R R pH b T i

Ko, Z&k 2 h LIS, KK pH EFHEREELE , pH 144
FoE , NP2 AR

R ZE K K FE TS ALK (1C) J5 2t vk B2 119 22 4k
WE s pis,

2800

:

—
o
(=3
=]
T

ICHRE M BE/(mg - L)
g &

g

Zﬂa‘lﬁllh3
1—45°C ;2—62°C ;3—67°C ;4—90°C ;5—102C
S5 ARBEAEEXRTAFEICHRERE
AL R

B 5 W LLE 28 K 0 AR v e AL (1C) Jot 2
WREI L R R JRK R SR IR UK, K i WL iE
R4 AR PR A R, T TR, HCO, AR,
I3 L COY FI CO,, CO, i, COY 1 pH KT
HCO; , K pH T+,

i 3 0 2% e AT, e SR TR P B R R
fERRETIC I CO, , T 42 5 1B B Y pH, 815 J5 2k
JBE T2 TOT e, S 2 R I B AR
2.2 WRBESELE

AR LSRR M B T 20O ) B R R R
FUJE A 25 SRR A PR A ISR DR G VR A AR R EL . DA A7
JEZE R B BTN SE B X 4, 78 S /U 0 B R
434 mg/L .pH 2N 9.3 /KRB 67°C 244 T Wi
1 h, 25 8 U H X A% R 1 5 e, 25 SR n A 6
FirR

100 200 =~
2

90| 1 —1soéo

S ~
T gof {120 2
¥ £
Z 00 180 I
= &
60f 2 Ha0 ﬁ
50—t , . . Ly &
300:1 500:1 1000:1 1500:1 2000:1° &

S
1R 2R TR A R e
B 6 A Xk I o %o
H1 & 6 AT LA S TR, R B RGO 2R 7 14
T, Tl o U vk B B S R AR, S B A 300
LR ZE 1 000 : 18, S AU MBS 0 K |, i
K BT vk R AR B 5 T Y S LGS T 11000 :1



- 190 - FAX AL L

I, AW A IS E . WK L 1000 : 10,
TKEE R R A3 90% |, R, S HLHC 1 00021,
2.3 EHEXLW

BT 1A 00 25 R R O S ) SIS 00 S A RN 2
RIFRA R K- & T A% 5w, FIHE
23BN ZR RS LA | 7 e 78 R A PR i 7K R 3 0
THERAT AW RSl A s RS
ZoM I A P HERR

SIS SR A A5 R K] i AU vk
2 621.6 mg/L,pH=8. 1, Bt KA
1 L/h, Gk SR TUAGE A 78 RIS ST R 28K, il
JERE R 67°C , F25 R -0. 08 MPa, /KFETEZE K 3%
PRI A 1 h; 28 R AR R 5 KAl TR R T A
WEES | HERAHE N 1 L/h, SR 3 HI 8 1 000: 1,
Witk K TR B BB 67°C (5 B A 1 h, FFSE
W st RaE Ja , BERR 1 h 23 BGE & I A
S B KA R I L A B B, a5 R s 7 A
Kl 8 fin.

90

g

=
W
T
—

~
W
T

8888

1 2 3 4
i) /h

1 —Z R R 2— 2R SRR AR R A P e

W7 Eshhy iR ARRERR

N

~
=}

HRBR /%
2
;m
s
g
AR BT R (g L)

W

110 350 &~

« 100F 5 4300 E"
= 90F o 1250 £
* 2
M 80+ 1 '200%
§ 701 s -150&5{
= 60 - -100%
K 5ol {50 &
40 1 1 1 1 1 0 éh

1 2 3 5 ®

B /h

1IR3 52— RUBL AR ;326 % B AR U Bk v

H8 HLEZHPRBMALEIYHEKR

H 7 FiE 8 ITLLE 2 h JE S de Binf 1k
FE KFEL R ZE KA RS | 20K 200 80% , 4%
AR B <500 mg/ Ly WO H 7K 42 580 0 vk
FEA] ARG SELE 150 mg/L VAR IR L0 70% , %
SR 2 A SN BR AT IR 96.3%, SLHRAE R R
B, “URZE R+ 5 T4 B Bhy i i ik
PHALR

E405E 2 H

3 &g

(1) VUSRI 30 58 e e v T 457 3 I 8 VA X 42,
XFeEZE K+ A T AWML S 81T
b, SEIR K T A = RUBE R 9 A B SR R
RS TR S A PR R T

(2) 5t R 25 %, b 3% 0 D A v AR B TR
R, CO, i, BRI EW ) pH 1 8.0 25 &
9.3, Ja LW T2 J0 T e, . 2 s /b kb B R
W4 G FAESERY 2 000:1~3 000 : 1% 1 000
1, R HE /N T fiE

G ERMEEEREREN 67C, LA E R
-0. 08 MPa WXl EL A& il R 1000 = 1 IR I
J 67C A F AT 78 R+ 4G T 5 LkiB AT
S, &K K E AT EETE 500 me/L A4 K
Jii K R BT TE 150 mg/L LLF & AU B
R Ak 96% L L,

S 30k

(1] 258, M, 3552 45 AR W SO v Ak B 35008 DR R 10 481 43
WrJ]. Bk HAR 2013,32(5) :31-35.

[2] Nemat A J H F,Sahand J,Mehdi A et al.Treatment of mature land-
fill leachate by chemical precipitation and Fenton advanced
oxidation process| J].Environmental Health Engineering and Man-
agement,2016,3( 1) :35-40.

[3] BRez.Wfbik B AR K ik B TR [ ] /K Tl th
,2012,(5) :68-71.

(4] 535, 50T, REARNAE . 457 35005 D TR W Tl Ak LR 5 3 Tl 75 7K ) 4k
AR PR [ )] KR HRE R ,2018,44( 1) :88-90,95.

[5] ZEhL BRA 30 TS, 55 R F B 28 R TR AL 31 3 008 B B
BT[] AEET Tl K% 24k, 2014,40( 1) £ 115-120.

[6] 257 Fb, RELKE, BR 2 He , 55 Az Wy 57 s b B 35005 BB MR A P A 7
RS T] KA R ,2017,43(2) :94-97,106.

(7] B0, WU A, 45 M0 25 B W35 8 DR 2L I 2
ARERELT]. BT, 2018,38(4) :46-49.

[8] Tripathy B K, Kumar M. Sequential coagulation/flocculation and
microwave-persulfate processes for landfill leachate treatment; As-
sessment of bio-toxicity, effect of pretreatment and cost-analysis
[J].Waste management ( New York,N.Y.),2019,85:18-29.

(9] R, 2=, & 40 AR 5 2 28 52 b B3y 105 8 vk 40 TR
[J]. 3088 T R4 ,2017,11(10) :5417-5423.

[10] WFER, Bk F, BRI MBS B IR N ZE R L T 2
()] BT A B R 515048, 2005, (1) :68-72.
[ 117 ARIR.MVC Z& & T A A0 34 308 e 4 A 7= PR B F 5T [ D ]
Kb #m R, 2012.
(T#% 195 W)



f

2020 2 B

50% S T IR B N 394°C , i R I3 il AR B
403°C . FHIATAL, #1589 CEUs By it # ik e A
JESEIA ] A ok B R Ok SE K = AE & o fn
AR

4 Zig

(1) UL HDC N B, EL F1 PTMG h % B,
DBTDL ML, 1,4-BDO R ¥ 565, 4 % CEUs
A T2 444 M n (EL) :n(PTMG) = 1:5 n (&
B (B )= 1:1.07 FUREE N 110°C | Fil R 1)
[B]2A7 45 min, F1E & J1 2 0.03 MPa, 45 R iR E N
170°C 45 W} 47 180 min.,

(2) FERKBET S| A EL J513 21/ CEUs A7 5419
Ji2EERe, o K 34 5 2] 972, 38%, W AL H
S EE A 3.23 MPa, #B/R A BN 60,

(3) FER B S| EL B9 CEUs Tt #4u1: fE 5 4,
WA 3 R IR BE Sl 220°C , 5% $42k T IR B M 310°C
50% Sk H IR BE R 394°C , Fot KIS it 10 1 1Y)
TR 403°C

(4) A EL J5& 1K) CEUs 5K AK) PEPU
FHLE, J727 0 Re AT Ak BB S4B 4 i, 15 T B BRI
BB AR A T VA G ol R i R 3R i L
)RR AT T

Sk

(1] v THr e g R BR B R T M AE s st 2 T
Ak AL, 2011 :1-9.

[2] Rogulska M, Kultys A, Podkoscielny W. Studies on thermoplastic
polyurethanes based on new diphenylethane-derivative diols. II .
Synthesis and characterization of segmented polyurethanes from
HDI and MDI[ J].European Polymer Journal 2007 ,43(4) :1402—
1414.

(3] KR, 4%, AR 7 SR TR 0 3R 2 e 5P A ) o6 75
5 RERT S [ )] 1A, 2012,22(3) :52-55.

(4] shmm. 3 = Rl BUR T B B (2R5¢) [T].Ak%: Tk,
2015,33(2) :12-22.

[5] Guan J,Song Y, Lin Y,et al.Progress in study of non-isocyanate

polyurethane [ J ]. Industrial & Engineering Chemistry Research,

BXEF . BMHERBES

EERMEANRIE ETZHR - 195 -

2011,50(11) :6517-65217.

[6] FcF.1,6-7< 0 HY 5k — R Y i 4t (6 RCRIF 5 [ A ] v
TR TR L Z G 2 P EA T2 A T
Zhie 8 = m e E AL TR 5 A W) 1 T AF 218 SO 4R
(P [ClPEf T a s TREWZE R & P EAT %4
AT ZE R 2 P EfL T4 25 ,2006.: 1.

[7] Xk, K 85 KT U £ 8 Tl IR 5 460 4 5 12 5 1R ik
IR J] AL THER,2016,35(3) :856-860.

[8] B, Eom, BREHAR A , 55 JE 5 S50 HR 16 5% 0 IR 1) doe o F o 0 e
[J]. %W T I, 2015,30(1) :5-8.

[9] Trevino A S, Trumbo D L.Acetoacetylated castor oil in coatings ap-
plications[ J ] .Progress in Organic Coatings,2002,44(1) :49-54.

(107 FEME, BT, AR AL, 55 T PRI — 2R Pt SR A e P 1 1 2% D
FAE[T] AT HRA R, 2009,37(2) :106-108.

[11] Hablot E,Zheng D,Bouquey M, et al.Polyurethanes based on castor
oil ; Kinetics , chemical ,mechanical and thermal properties[ J].Mac-
romolecular Materials and Engineering,2008,293(11) :922-929.

[12] Yeganeh H,Amin M, Shamekhi M A.Novel polyurethane insulating
coatings based on polyhydroxy compounds, derived from glycolyzed
PET and castor oil[ J].Journal of Applied Polymer Science,2006,
99(3) :1222-1233.

[13] ZEBH. BERR I 25 A 4 20 2016 9 68 ok D4 ek O F S8 [ 0] 440k
T1.,2012,41(6) :566-568.

[14] 75 A 55 Wi, 45 BRI K M 2R e 1 & L S PERE D]
TR R A=A 41,2010,32(3) :79-81.

[15] Yeganeh H,Mehdizideh M R.Synthesis and properties of isocyanate
curable millable polyurethane elastomers based on castor oil as a re-
newable resource polyol[ J ]. European Polymer Journal,2004,40.
1233-1238.

[16] Mishra A K, Chattopadhyay D, Sreedhar B, et al. FT-IR and XPS
studies of polyurethane-urea-imide coatings[ J].Progress in Organic
Coatings ,2006,55(3) :231-243.

[17] JiaS Y,Ren Y R, Liu L. M, et al.Stannous-acetylacetonate : A new
catalyst for poly (trimethylene terephthalate) synthesis[ J].Chinese
Chemical Letters,2007,18(7) :827-830.

[ 18] Ferreira P, Pereira R, Coelho J F J, et al. Modification of the bio-
polymer castor oil with free isocyanate groups to be applied as bio-
adhesive [ ] |. International Journal of Biological Macromolecules,
2007,40.144-152.

[19] PLr fEmenE, BEK. R 2R AR 5 o KA T[T K
16 T.,2011,1(25) :9-12.

[20] #&A5MHE , BhAcH, FIE K, 55 PEG/PTMG 5 Bk 700 2 4 g 3L ok
il & T BFFE[ 7. 80404k T ,2018,38(7) :132-135,137.

[21] YERAE, B AR, AU R AU AR AT [ M] L st iR
SR, 2000:171-173. 1

(k3% 190 W)

[12] FMVEERR , ZEARmg, Bk B, 465, 2 ok e A 0PI 30 e 45 38 1) v i
SE[J].AEIR S5 HE 2015, (4) :163-165.

(13 ] BBSL WA faT o, BREEE. pH A1 G0 HE X AR 16 S R BE 8 ) 38 I TR 2%
RACFER I )] RS T #2244 ,2007, (2) : 108-111.

[14] fEAHE, KRBT, 80, &5, WRBE s 2 Bk b7 3% 12 1B W b =LA
[J].WRPHE SR 22 ( A SRR ) ,2011,27 (4) : 741 -
745.

[IS] BT, 2, B4k, 55 o e B S0 U /K A 145 4 9 U Ak B
HR[I]. T KA EE 2011,31(12) :31-34.

[16] De S,Hazra T,Dutta A.Sustainable treatment of municipal landfill
leachate by combined association of air stripping, Fenton oxidation
and enhanced coagulation [ J ]. Environmental monitoring and as-
sessment,2019,191(2) :49-62.

[17] Smaoui Y,Mlaik N, Bouzid J,et al.Improvement of anaerobic diges-
tion of landfill leachate by using coagulation-flocculation, Fenton’s
oxidation and air stripping pretreatments [ J ]. Environmental
Progress & Sustainable Energy,2018,37(3) :1041-1049.

[ 18] T3 F5 IR EEFWKIBLER G FAL BRI 5 WS TR BT [ T]. BEURYY
Z)5ER 42013, (11) :113-114. 1



