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Removal of ammonia nitrogen from electrolytic manganese
residue by electrochemical oxidation

MA Xiaoxia"* YUAN Yunan'’ TANG Jinjing'*™ TAO Changyuan'’

LIU Zuohua'®  BAI Lihong'
(1. School of Chemistry and Chemical Engineering, Chongqing University, Chongqing, 400044, China;
2. Chongging Key Laboratory of Chemical Process for Clean Energy and Resource Utilization, Chongging, 400044, China)

Abstract: Ammonia nitrogen in electrolytic manganese residue (EMR) constitutes potentially severe
environmental risks. Electro-oxidation of ammonia in EMR was investigated in the present work. The
structure and composition of the EMR before and after ammonia nitrogen removal were analyzed by
X-ray diffraction, X-ray fluorescence and UV-Vis spectrophotometry. Results showed that Mn** was
preferrably oxidized to MnO, which inhibited the oxidation ammonia nitrogen. After the manganese
ion was solidified by sodium carbonate, under the optimum conditions, such as solid to liquid ratio
of 1:20( mass ratio) , chloride ion concentration of 200 mg-L™", voltage of 20 V, and pH =7, the
ammonia nitrogen from EMR with an initial concentration of 203.06 mg+L™" was removed completely
in 180 min.

Keywords : electro-oxidation, ammonia nitrogen, manganese ion, chloride ion, indirect oxidation.
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1 SZEG¥B4) ( Experimental section)

11 SCHARE

F b S A o A 3R s rh 2 R S R AR R T IR A B A LB B S V2% (15 em X 9 em X 9 em) Hi
7. AW AR FHANEE I (5 cm x 10 em)  FHBARZE ] Til RuO,(5 cm x 10 em, FXH I F 4 @B R
Al ) AR H A, RAFAR BIFE S 2.5 em. LI AR (WYJ-10A30V, AN RALER A | ok
PR ML f . B 1 S SE g dk BOR B AL

1. DC H1jEDC power

2. HAHLBEHE R M AEPlexiglass reactor
3. M 3Z 42Plate bracket

4. [HM MR Anode plate

5. Atk AR Cathode plate

6. HLZhHERE R Motor agitator

1 SRAeE

Fig.1 Experimental device

1.2 SCEe kR

S AR T DR T SR Ml R R A A 7 T HIE %) P A 422 R M 1 R ) SR A o A
FARBAL (HI/T20—1998 ) JIr b Jr ik BURE , X6 I UG 7 2R 47 an T A b B, ¥ 51 IR A 5 F 105 CHt+ &
TE 8] XQM-2L 284547 B SN BREENLOTE , If 0 80 H . 28 X SR 560 (XRF) Al X B A7 51 (XRD)
ST AL SA R LR 1R LR 1 B I S B s, A M &R R BB R B A
XRD 3B I AT, 2 A i i Th AEAE I A8 324858 (NH,, ) , S0, L (NH, ), Mn, (S0,) - 6H, 0 55 H fift 5
AR T R H HI557-2010, 38 528 U T W2 IS0 15 (180-80 ) TNt 7 i 4 v 452 11 Wik b 4 1 7%
A5 RINER 2 TR Mn® NHG-N 32 H 50w, MBS 4311 1552 mg- L' \553.6 mg- L™, i i s [ 505
IKHERCRRE. LR Ry Ca> Mg™ MR FEA> 31K 386.2 mg-L™" 105 mg L™, oM i i & 8K (0 48 35 112
i Na® K" Zn*" [Cu™ . (o Ca™ Mg™ Na* K RJEF/KMAA 1 5 48 15 949, B 0k B 505 K HEOhR 1
R ZEN Y E )

SE G FHFA 20 R A 0. 2 56 A U A 2848 7K i 85 18 Human Power [T 4L 7K #3561 B
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R1 BB (%, BT 5350
Table 1 Composition of EMR (W% )
0 Si S Ca Al Fe Mn K Mg Na P Ti Zn

i Content(W%)  46.78 15.32 13.05 9.26 4.14 389 235 2.07 1.83  0.61 0.28 034 0.013

% + SiO,

¥ MnSO,4-4H,0

¢ CaS0,4-0.62H,0

& FeS,

* (NH,),Mn(SO,),-6H,0
M = MgSO,

A A (NH,),S0,

Intensity(a.u.)

- M

1 1 1 1
10 20 30 40 50 60 70
20/(°)

2 HEEAR) XRD YA
Fig.2 XRD patterns of fresh EMR

R2 HAEER BB (mg- L")
Table 2 Composition of the leachate of EMR (mg-L™")

£ % Name Mn?* Ca® Mgt Na* K* Zn** Cu** NHj-N
e Concentration/ (mg-1.7") 1552 386.2 105.5 91.32 65.02 0.8842 0.2251 553.6
GB8978—1996 —Zhpif/ (mg-L™") 2 - - — — 5 1 25

1.3 SEE ik

PRI — 7 ot AL 3 P T 8 B IR v AN ) [T EL T 2 5 80 AN [l e B S AR B A s A
TEFE T —ERRBE —F pH B FERT 300 mL 2 ; 46 30 min K AEREA 0.45 wm JEMEK
TESFARER 2 mL SO ( ZJE M0 2 mL ZEA K, DA i M S Ry YRR B ) 43 AT FL IO BE L W NH-N
B R AN AR e B 2 |, 5 B T E SR GB/711906— 1989 7K JF 4 (1)1 5 - i S BR A 43
FED AR ELRR A TR (LBRR) Fm .

EBFR(%)=[(Cy- C,)/C,]% 100%,

Hrr, Co(mg-L™") 1 C,(mg- L") 0 IR BRI LG AN ¢ B 220 22 280 ( Bt B8 ) IOV

S S O S 56 2% 1 34 2 2 SOk v o AR S0 30 2% 17207 e Mg 72 T 4K ) SE 6 2 1 R AR R K
1:20 HLEHR 20 V 5534 80 remin™ FHIFEAL S h.

2 5 548 (Results and discussion)

2.1 HbE R TR R T I S A

WU AR, B WK o 1:20 (I RE L), B FURE R 250 mg - L™, B R 20 V, %
80 remin~', pH {HAT I8 7 A1 10 B4 T A BRAG# TRt B9 2R, &5 30 min U1 RFE P A
AR ANE 3 s,

M 3 RETLAE AR pH=7 BYSAE R, A% 210 min PR RO E T B , 78 pH=10 I, 4%
TP G RUE LA SN 120 min B 3EA G BR5E 4 A 7 S B S EITE pH =5 BN A0F R, B
WA TUIE =, e 4 4 B TR Tiob B DORUI XRD , vl Az A i b — S A

M 2 P F AR R B TS N 1552 mg- L7 AR m L it T P M A R
TV A KA Mn™ IAELE , SR PE DOBUAE AR A 40 1) S0 4 Akl R U2, AT 52 i) | Ak 2 S AE
N AR T M AERRE 251 F AT A Mo™ UT3E , T AV R0 2] B Ak 2 S8 A 2 0 oy B AR 54 7. PR, AR
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0 30 60 90 120 150 180 210
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B3 Ak PR T A AR B4 FHBAR TR PIAR 2 B ]
(G3ITE P B 25 ) (I A BB LR 14145
Fig.3 Removal of ammonia from EMR by electro-oxidation Fig.4 XRD pattern of the precipitates obtained from
(under neutral and alkaline conditions, respectively) the anode plate. (inset illustrates the image of the

precipitates on the anode)
2.2 Mn* {1k
FEEVE ] H AT A T A K BETR AN ERREN RN S L R R BB T T
X LG B S AT, 3 F AU ARG P 50 i 25 1 1 B AL SR e AR R S A B B K 5, S 8 A AR
A 2t 30t FER B 98 % BETREN IR IR M [ A4k 25 MU BCR AR 55, 20 518 95.8% ,94.6% , (H IR

O G R R P B IR A K | [ B R X K AT T e R, FRe X %Fﬁﬁ)ﬂii&?ﬁ [ Na, CO, [F11L 5
BT

100 - Hl Removal rate of Mn?*
I Removal rate of NH}-N

1l

CaO NaPO;  NaCO; Electrolyze NaSiOs
Curing method

Removal rate/%

B 5 AN A A P s A [ A4

Fig.5 Curing results of manganese ion with different curing agent

2.3 [Efk Mn™ 5 H AR A P s R A 3
2.3.1 KR X 2 A A A R R
BUE 4 7, ] Na,CO, IEI%%?@EPE@%%‘%‘%F TES B TR IE R 250 mol - L™ Ll 20 V, #534
80 r-min~", pH {Eﬁ 7 ’J AETF o R E ST & LG T Ab BRA W PR AR SE R, B 30 min U
1 YRR U B i 5 A 6 T DRI 6 rpmT AT s K T B /0N 4 v ) 2 RUBR RE AR A 1Y

s 8] P B . leMészi(/J\,/z\nfEJZ EUR AR B, [RIASE, 7= H R Tl R K, DRI, A S 56 ff a2 e FE R ] b
M 120( RE ).

2.3.2 AR THBER AR R R AL

WO &5, flE ) Na, CO, 18 A6 5 B9 5 B9 1), PR 8 i K t[:%:l 1:20, HLJE 20 V, 5%
80 r-min”",pH {4 7 BIAME T, WIFFEAS [) 58088 7~k B 0 i v i Hh U YR, B 30 min I &
1 UCHE R PP U & B 25 RN 7 .

MR 7 vpal i S 5 B gy ] 205 0 5 B S8 R B0 200 mol - L7, Z (7 240 min
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AbFRSE 4 GBS TR E A 250 mol - L' A, ZE(7E 180 min AbFHSE 4. [ 58 & /K FREE i FE b i GB3838—
2002 B E ALY (LA CIU ) B 250 mol - L™ AR B, Sk T 080/ X6 7K 0 1 75 G SUBRUE S /A 302
B, e A LB T 105 R B 200 mol - L7

400 —=—1:10 r 4
~ —— 115 2200 " 250meL
T, 350 ; T —o— 200 mg-L™!

2 —a—1:20 P —a— 150 mg-L™!
£ 300 —v—1:25 E —»— 100 mg-L™!
3 ——1:30 g 150 —— 50mg-L!
g 250 5]
=} E T ———+——o
g 200 & 100
) B
S 150 =
8 8
g 100 E 50
3 g
S ol

1 1 1 1 1 1 1 1 1 1 1 | I ST NI NS I T N T S S

0 30 60 90 120 150 180 210 240 270 300 0 30 60 90 120 150 180 210 240 270 300

t/min t/min

6 [EIV XS ZEBR A AU B 7 SR SR E A

Fig.6 Effect of solid-liquid ratio on the removal Fig.7 Effect of chloride ion on the removal
of ammonia nitrogen of ammonia nitrogen

2.3.3 MRS EERT R A AR E AR 5 e

ffi ] Na, CO, B fb 5 i P B 6 B8 1), PR FFIEE 7K R 1:20, G085 F ¥ 228 200 mol - L', 7% ##
80 remin~',pH {E R 7 M FAF T WFFEAS[A] i Fe sk B o P 12 R R BRI 52, 5 30 min U & 1 YRAE
i R AR A A5 RN 8 IR,

JAEL8 Hn] g, e R X s A AR B AR LR R S RO 20 VOB, AR GR Uk B R
203.06 mol - L™ 2 A I 180 min KR8 4. MBI 5, (2 3F T A 78 VA T e, (55
TREFST SRR AD K I, o R 25 VI 20 802 BRI TE) A i3 m , Jit DRL 2 R K 1Y) v e i B R B0
Z 1T T FLAT Y 2R B AR RS By, S T 2 Rl R AR i A 80k B PRI 0, B A B e A FELUR S 20 V.
2.4 AL AL LB Th A A LIRS

FEiE T Na, CO, FLER T H BER BS T )5 AR R K HE R 1:20, 508 ¥ A 200 mol « L™ HL R A20 V
A FER IR SRR i E S M AR AR LA, XRD 255 UL IR 9.454 XRD &l n] 15 3] & 10 f
7~ B 7 JE B R A A 5 T e f A 2 vk Ak PR T B BH AR AR b R AR i R R o AR (1) —
(2) , EALEE 2 T e B AR b & A i 2 R oy #(5) —(10).

.
2~ 200} M * Si0,
B ——20V # FeS,
0 I —A—15V
E —~— 10V v CaCO,
§ 150 |- —5V * Ca(ClO),
g = A MgCO,
£ G * MnCO;
& 100 2
< & * CaS0,-0.62H,0
=
s T 5
kel E
s 50 *
5 |
‘;‘:’ A v * ,: » v
S of *| RN N
TN N I N N T N T N T T M N N U | [T S IR R N SN RN TR SRR R M |
0 30 60 90 120 150 180 210 240 270 300 20 30 40 50 60 70 80
t/min 20/(°)
8 HL IR X L PR AR B9 Ak B AP AR 2 B P
Fig.8 Effect of voltage intensity on the removal Fig.9 XRD patterns of EMR after treatment

of ammonia nitrogen

(1) A4 25 1A P AR AR b 32
Mn** +2H,0 —MnO, | +2¢ +4H" (1)
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40H -4e =0, 1 +2H,0 (2)
(2) BN IR 5h ] A 5 1

Mn**+CO3 ——MnCO, | (3)
Mg™ +C0Y —MgCO, | (4)

A0 18 I B AR A 2 J g 2
NH, —»%Nz T+3H" +3e” (5)
2C1I——Cl, T +2e” (4)
Cl,+ H,0 —HCIO/CIO"+ CI" + H* (7)
NH,+HCIO/ClO"——N, T +HCI+H,0 (8)
NH; +HCl0O ——NH,Cl/NHCl,/NCl,+H*+H,0 (9)
2NCl,+60H™——N,+30Cl +3Cl" +3H,0 (10)

H T ) SO R 10 708 25 PR TT R i 8 7R B B 2 A= i) 44 S i BELA: 1 408 1 1) 8L T 52
M) ¥ 2 SR04 S0, DRI 24 i 8 [ A s gl T Ll S 3 B S8 AR R AT, e P A R T DL 77 AR 1Y
T PESUSONE , T IE B A A R B
ﬂ curing after curing Mn?*

. = j | <0, MnCO,

,,,,, 2 3 ! 30 iy TS Fes,, Ca(ClO),,
' 4\ MgCOs;,

CaS0,-0.62H,

before curing Mn>*

IStainlcssysteel{cathodc)

10 N AR AR SR HLER A
(O H AN QI A )

Fig.10 Reaction mechanism of ammonia electro-oxidation before and after curing

(@direct oxidation reaction, @indirect oxidation reaction )

3 %5 ( Conclusion)

A L2 SR A T 2 A L A T 9% R A S 0 R ) /INFASERIE 5 (LI T vk SR A0 A
KA TCE AL HS 1 L SRt T — B S H B LA Hr D SC g g 5%, nIA5 8 R i gie .

(1) AFAAE T F A v AR 2 X B R 2 o AR B S 1 1 sl .

(2) 38 3 BB AN AT LSS 04 2 i [ , Ak 25 5] 94.6%.

(3) H Ak 2= AU b X A 3 P AP v v 1) B R AL T L B AR K T B AR T 200 mol - L' Y UES T,
HLE R 20 V, 553054 80 remin™' ,pH R 7 M5 B IGVE E S 203.06 mol - L™ YA 7] LAZE 180 min
ERTE4.
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