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Abstract

The applicability study of the struvite method (MAP method) to the high concentration ammonia
nitrogen in shale distillation wastewater was studied. By comparing the combined experimental
results of four commonly used magnesium salt reagents MgCl., MgS04, MgO and Mg(OH). with two
commonly used phosphate reagents H;P0. and Na;HPO0,, the removal effect of ammonia nitrogen
and the cost of reagents were analyzed and compared. The combination of agents suitable for
shale retorting wastewater was selected as Mg(OH). + Na;HPO.. When the ratio of Mg:N:P was
1.3:1:1.1, the pharmaceutical cost was 3.70 yuan/ton, and the removal rate of ammonia nitrogen
reached 51.2%, which could meet the subsequent process requirements.
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1. HIS

T TUA TR IR KR A i A P i B v, S TUE SRR T AR R AR K], R e
WERE, CNAK, nJAEMMEENMEATE T EK[2]. KT UM BiZ kK, BEHNIMIKGEEE AN
T T R ESEIGHE T, i B AR S5 K BN e i SRSTRE A B DU IR R K, s R s, itk TR
FRMBERARSE, FilKoBRCRIER] 90%LL &, e WA ER 3], MOmEEFRERSA.
SR WP UTIEDIRE T — R B AR A AR 3 R G I DU T IRIE K AT ke, R IZ RGN i DU
THIK /K COD. NH3-N. W& H B 10 BRUR— 4], (B2, V5/KAFE] 2847 R R A AR IS AT A i
&1, ACERRE JIAS RS R, DR R AR ULE TR K m IR R AR R, T R S A R IR A S
Fo
2. AT IBEKKREBERSH
ARG FH A B RN b AR [ DA ki) S (A ) I DU TR IR K . 1 IR AOK IRt 8 /N LA
R ETRE, KFfaE, FEEKFRIEAAENEINE 1.

Table 1. Water quality analysis of Fushun shale distillation wastewater

F 1. TS FIBE KK

N7 LSy ypes KRG L0

pH Starter 3C 540 %= pH it 9.1 -

% 7 H 2 (CODcr) SR 5200 mg/L
A=A 75 4 & (BODs) hHAN T A EE 1200 mg/L
FENIES LA L EEVE 550 mg/L

AR (NH;-N) FENW - ORI 4000 mg/L

MG 1 R BT 2, AT BT USRS KR T COD. md R mia LK, HB/C
FEAAL 0.25, A4, V5K e T R KB, TUA TR K ik 4000 mg/L ARKRERAE %
XHEAAE PG BAMIFE o 0 RAE A A B AT IE 2 PR A RGIRE, PO R AE A B iE R4 2%, Bl
IR VIEAAT R R ERRTT R, W T ORUETUA 485 /KR B AR EE B ) B A B 3 3

3. SCIEHIE

B3 AN IR B (MENH,PO, 6H,0), JESCTRINR MAP. JR/KALER i) & 3641 T IE (MAP) 2Bl 2
e M N B & BERR A AR S K, FEBRIE S AE TR, R AE ROV I S 3 A T, BLSSILR
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KBRS R IR O A R XS], Sk R N 2 i R 6]

Mg** + PO, +NH*" +H,0 - MgNH,PO, - 6H,0 (1
Mg’ + HPO; + NH* +6H,0 — MgNH,PO4-6H,0 + H" ()
Mg** + H,PO*" + NH*" + 6H,0 — MgNH,PO, -6H,0 +2H" A3)

DT My £ 11 TA i 1) 08 K B R FE B TE B 4000 mg/L, J& T ik R A K K, pH (EAR
SEAE 9.1, GBI, KPURE AUE ) SIEAVEAC T . FERRBREEE B LR, R BRI B 2R BN T
HT R K I8 I BN HE I A R R B R T, T A IR R R B BRI MR PR AR,
B AT DR — R REIE R, AN Al AR L S 20 A R B, SRR RN E IR S 4 5F
.

4. LY
4.1. LG FTRARENS %

FEFERM TR pHy T &%

pH KH] Starter 3C SL40 = pH it

T RAKIETT;

SRR 2808 - WA 2 I5(HT 537-2009).
4.2. RGNS

Starter 3C 3236 = pH 1 /KR TH R B Z ML E IR = 2 SHI-6A BB E IR /11 FE4% \BS1248
UL TR DHG-9055A 7Y e #hE I8 57 X T8 48

AL T BT IE A VUA TR K R BRIE I BRI 24 71000, [RIAT i th e R bt . 555 8 38 A7 ik
A, WEsiTSH.
5.1. FESRSHNHE

PO T T8 % K NH3-N KR EE(E N 4000 mg/L, 2 &(NH;-N) LI 55 & (NH;) B 4% 2E(NH Y X
FAEF KA, W3 AL EE BT /K 16 pH B[ 7]. 24 pH W=, dFs e gl s k., WL
Lol . s AR SCHR[8] [9], S5 A5 KARER S ST AL, HiE SRR R e A NaOH W& W HE % /K
pH, #HIFE 10 At W ERmM LR EEENE, B AERNHE, 451817 RA%ER
2, ARSIRRRLS AK AR E T IRE KR, BEHIFE 55°C.

5.2. SCIRFHFTIRGHIE

A2 B Tl b KB N BEYR MgCl. MgSO4. MgO. Mg(OH), FlH WL U Na,HPO,4. H5PO,
VB R EE IS 257] . K347 MgCl, + Na,HPO, MgSO, + Na,HPO,. MgO + Na,HPO,. Mg(OH), + Na,HPO,
PL A MgCl, + H;PO4+ MgSO,+ H3PO,. MgO + H;PO,. Mg(OH), + HiPO, (A AR5 . W15, KR
I S50 AR AT 4 AR I AL
53. XBWPR

A, SIS AAEIES: S ER KBTS 55°C, B NaOH A% %K pH, #5HI7E 10 A4 .
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B. BREUBE LIS - AR JFUK IO R A, TS 20N &, SeREAT Mg:NeP = 1:1:1 5855,

PR A R R 2 R AR 25 B

Y WOV VN S

1140 -
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D. ek Kb IR C [BWHR ST IR 7 &, BRI GE R N S 3640, X EIS Wt AT /K B

6. SEIHIEO AR

TR 1S S i AL B s A TR KB 0 /e, 208 1AL 251 80mAh 2. #oin Eu A T 224+,

PSR KA B T AR FF HEAT BOAR RTAT PE RN 357 15 BEAE 7347 o

6.1. AFIHV S iHERIRDH

WG G FEVEN RS, e B MgN:P B 10101, fERERWIH, ARIEAKRE P Bk, 15

Mg:N:P Eb 1:1:1 #HAT 2550048000, 13 A 2B 4 2.,

Table 2. The Mg:N:P ratio is 1:1:1 ammonia nitrogen removal rate of different drug combinations

< 2. MgN:.P tbA 1:1:1 RETARAFEESHERAERE

A A EXEEWREmgL) AABE)FEERE (mg/L) EHRE (%) ERHE
MgCl, + Na,HPO, 4395 3257 25.89
MgSO, + Na,HPO, 4395 3152 28.28
AR
MgO + Na,HPO, 4395 3187 27.49
Mg(OH), + Na,HPO, 4395 3145 28.44
MgCl, + H;PO, 4395 3677 16.34
MgSO, + H;PO, 4395 3534 19.59
HC SN
MgO + H3PO, 4395 3049 30.63
Mg(OH), + H;PO, 4395 3029 31.08

WA 2 %, WTUUEH: BRI Na,HPO, $24N, DURMEeEh 5ILALE, KRRACRERAK. W
PRIt HsPO, R AL, DURPERER S AL, KERACRERYIR. B, BERb e R, HEHT47RI
LI, %f E Mg(OH), + Na,HPO, A1 Mg(OH), + HsPO, M FHAL & 245 575xt TUA R K IR 25 BRACR  JFdE AT 45t 70 #T -

6.2. AFIHMUTEBIEDHT

FET- PO LR BT /K AT B/ oK, A BIRIZIEE] 2000 me/L /A7 i BB /2 Jo /K 25K, v AAR Sk
KRB EBRF B GEEIG Y 50%. ARG KEFSTRBOR SR, S3adR N, AT RER
R ERRAR, HERE MNPt ARSLISSEIEHE 226 SO AN A Se i gs i MgeNcP LEREAT 1:1:1 2k s
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6, PRSI HORIEH Mg(OH), + Na,HPO, Al Mg(OH), + H3PO, W ZH & 24577IE 170 Mg:N:P ik
RIS BORHKAIREE R 10], ALK MgN:P LLVEHIFE 1~1.4:1:1~1.4 Z[a]i4T, BAASCISEHES %% 3.

Table 3. Ammonia nitrogen removal rates of the two drug combinations under different Mg:N:P ratios

% 3. AF MNP Lt & HFTRMATHEANERRERE

Mg:N:P H Mg(OH), + Na,HPO, AR A ERE%  Mg(OH), + ;PO AEERERE%
1.1:1:1 29.01 32.43
1.2:1:1 30.11 33.78
13:1:1 31.09 36.84
14:1:1 32.46 39.51

11:1:1.1 40.12 42.15
1.2:1:1.1 43.56 46.14
1.3:1:1.1 51.20 49.16
1.4:1:1.1 52.36 50.14
1.1:1:122 40.32 4136
1.2:1:1.2 43.86 44.63
13:1:12 52.57 49.52
1.4:1:12 52.76 50.69
1.1:1:13 4432 45.14
12:1:13 46.26 45.18
13:1:13 49.15 46.25
1.4:1:13 51.86 48.56
1.1:1:1.4 41.52 44.56
1.2:1:1.4 46.15 47.94
13:1:1.4 50.48 48.84
1.4:1:14 53.17 50.14

M 3 SR aE BT DUE H s R R FRFAE 50%LL EEF Mg(OH), + Na,HPO, 414 7 41, Mg(OH),
+HyPO, LG 3 4, mERBRFRIEF 53.17%, &5 %47 RA A REM & R AL 7 G .

6.3. IR AZE

Zoad — RARI AN S AL B AT, e 7 2GIALG REE R B oF T MR B IR A 24 700 )
EMiAA, KILE NapHPO, B 2100 G, H3PO, &I 5000 JG, Mg(OH), &Ml 2800 Ji. M4 H i i
AT E B R A . X A F R A 4.

I 4 XA E 2GRS AN RIBC EO IR B2 (I AT A AZ SR, AT DA I8 H & & TUE TR R K I 2570 4 5
4 Mg(OH), + Na,HPO, &, Mg:N:P He Ay 1.3:1:1.1, MiZKIZ 4T A K 3.70 76, EA B a LT 51.2%,
R 2 )5 B2 T2 K.
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Table 4. Analysis of operating costs of tons of water with ammonia nitrogen removal rate of more than 50% of the combination

of agents
%f KAREMRFILE] 50%L EZFIEE MK SITRA S
gl iRy Mg:N:P [t RBEEBREY% WK IBAT AT
1.3:1:1.1 51.2 3.70
1.4:1:11 52.36 3.82
1.3:1:1.2 52.57 391
Mg(OH), + Na,HPO, 1.4:1:12 52.76 4.02
1.4:1:1.3 51.86 423
1.3:1:1.4 50.48 5.05
1.4:1:1.4 53.17 4.43
1.4:1:1.1 50.14 5.97
Mg(OH), + H;PO, 1.4:1:12 50.69 6.37
14:1:1.4 50.14 7.17
7. &g

AR SCIE PN M4 0 ot | S R 0 il DU TR R K AT S 3R DU VAR IS AL, VR4S
8T SR DU T K AR B vk P S U P O o St L DU e B 2R 2577 MgClyw MgSO,n
MgO. Mg(OH), 5 H#h i FIBEERIR 2475 HyPOsw Na,HPO, [ & sz gt B, Fxof a2 2 W A SR A 26 741 ik
ARAHT L. T HOE A DU TR KI5 %A pH b 10, RN 55 CHAM T, Mg(OH), + Na,HPO,
FIEA, 1 MNPt 1.3:1:1.1 B, WZKIEAT AN 3.70 76, A EFRFILT] 51.2%, B2 541
TR

&E ik
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