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Abstract

This study focused on the preferential softening of Ca2+ in high magnesium desulfurization waste-
water. Effects of softener and reaction conditions on the removal of Ca2* and Mg?* were investi-

gated. When sodium oxalate was added as n (C,0; ):n (Ca?*) = 1.4:1, pH was 4, aging time was 8h,

and calcium oxalate (seed crystal) was added as 0.35%, the removal rate of Ca2* could reach up to
91.2%, while the removal rate of Mg2+ was merely 2.5%. The content of Ca2* can be removed pre-
ferentially, with little Mg2* being removed. In comparison with the common NaOH-Na,CO; soften-
ing process, the precipitation quantity, dosage of softener and cost of softener can be reduced by
86.7%, 93.4%, and 80.3%, respectively. The softening method proposed by this study has signifi-
cant technological and economic advantages.
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1. 5|8

BB, ARA - ARSI AR KR RIS SO, MEER A SR, ZEARLE LB
SO, RIS =4 1 2 Eh B A AR BB R /K [1] [2] [3]. ek, BEE COKISHATEIHD Bk
M, TV RKIIHEBCZ 20 T Bl ks BRI k) BRI /K B T A B e FE KA AR B AR v, 51 Tl
W2 RIE[4] [5] [6] [7]. FEMEIR LKA B AR A, AEAE FR AT IR E YA TRALBE, 7 1E A 5 2k 4
R RS . T REZHEMBIE K, TREPERH L7 T2 TR, Z 120 R K
IR (A )R ZEf, AT LA ) Ca® R Mg B 1A BR8] [9] [10].

TR R K — RN IR IO B R K, Mg R A 8~15 g/L, 1 Ca” W EE H AT 0.5~1.0 /L.
T R A5 22 B A A B2 1) [t 2 L BRBEREE, 45 R FH A% 1 2 A B iy B A B2 it B K, R B ) 8%
TR 2 S EURA AN R . AR R RLE B K5 ), P2 B A 2 S L R G E W 18T TR
KA B AR A, BT T A B R A S BUR A S R OB R &, IR — B B e, Xt
WA IE O™ AN R PR KBERE BT R A A B IR R R AR a1 pH AT AW, Ak,
ZYRTE S @R FR AT R . DR, T R B B AR R K, 2 PR A A A B
EREAEARRLI Mg™ & BRI Ntk 250 €™, A KM BRI B Ak T AR A O 2, BRI AL 77
FRAR

T FERR AN (A B /N T RERRER [ 11], PR IR & IS e 5O S 745 ERutE. A
WEFUF B, R BRAR X B 1 P AR G B AR R K R i Ca® o B e R 1k 2R B R (M IR E N 3634~4800
mg/L, Ca” #JE N 772~800 mg/L) [12] [13]. AR, T ER R 5 o AW o P v M 2 FB At P /K, R AR ot
Ca™ Wi bk L BR R M 15— BT . AT 50 DA B BE JR KR FE X R, WIF E T B BR AR B Ak 71
pH- AR 17 0 5 b 25 R 206 R K R Ca® F Mg™ 23 R BRI, B 7S X Ca™ i 1 40 B R I
AL, FEHhE e R S AR
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2. M55
2.1. JBIKKR

S ] R 1 R P DU AR PR KK BRAAE, SR A A B . S . BRIRBESE 25 fhH 1R K.,
Hlor e 1 pos:

Table 1. Components of the wastewater

= 1. [BIKRRS
B W (mgL™")
Mg* 10,210
Ca** 699
C,0% 16,320

Cr 19,170

2.2. (LS

AT B SL360 25 0 = AT FIbEE. S8, MIRE:. WIR. FRWY. FIRE MR,
YN al o SEI0 A Es £ BEALRE FA2004 HLT-KSF(5RSF1EF), CII78-1 ZURE 7 ImFAdit £ 28 CRHb), pH 11(F
f4 PHS-3C), HLJEHE G458 TG AL (ICP). Ca® Fl Mg® I FE#8 GB 11905-89 [y J5 % it ICP
1T 5E -

23. IWBPREFE

LM R K FIAL R BCR 0 LR R AR LR . 2N . pH fE BRAGES ARG RS, T W E i
BT 25770 5 N 44, SR SRR R 5 i AR BRI AT S0 . SR AR R SEBG 251, 40 Sl SR e 72 Ak
. AN pH AE - BREAGH TR R 20 R /K TRAC BE AR A 520 . B SZIR S I R

1) BALFIFPSEAIREM : 20 HIE 200 mL &K, % n (C,02 ) (Ca™) = 1.4:1 FIELAF] 23 58 0 Ry A
ERRAE AT, BN L h 5, BE R 2 b, BCETER, 3L 0.45 pm AKHISESK, MIER 4 Ca¥'s Mg
WEE, e s AT

2) BALFIAR IR MR 43 BB 200 mL JK7/K, 3% n (C,02 ) (Ca®) = 1.0:1. 1.2:1. 1.4:1. 1.6:1,
1.8:1 LB AR I R AL, PR 1 h s, BB 2 h, JEEC R, e 4 ca®. Mg™
WE.

3) pH FI5ZM: 43 BIEL 200 mL J&K7/K, $% n (C,027 ):n (Ca™) = 1.4:1 FIELFIA N A Ak 7, K pH 4>
AN 4. 6. 8, WEFERM L h)G, SEEMMW 20, JERER, MER4E Ca® Mg RIE.

4) ML IR : 43 0 EL 200 mL JR/K, 4% n (C,027 )n (Ca®™") = 1.4:1 [ ELGIA et gtk v, $it
PR 1 hJE, 2 5IBRf 0hy 2 h Al 8 h, JEHC EIEW, MERA Ca¥'s Mg WK,

5) SFPREZIE . 43 SIEL 200 mL JEAK, 1% n (C,0% ) (Ca®™) = 1.4:1 BIELBIA NS AL, 4 il
T 0.20%- 0.35%F1 0.50% [ B FREGVE N &R, #26] pH A 4, #EHE&MN 1 h )5, $#EMRL 2 h, JEEEE
B, MER A Ca¥'s Mg W

3. BR 51118
3.1. ER4ETIFh A S N
RIS E K Ca2 A1 M I B 0 4] 1 Firs. &l 1 Al PREALAIN Ca2' 12 B R
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BIET 85.0%, X Mg HIZEFRRBMET 12.0%, EHERE UGS Ca¥ KRN, % Mg* #52mik
AN X GEEE121 Xia 25013 BURBERE R K (Mg W E N 3634~4800 mg/L)IHAL 45 AR . 5]
| SRR, X M@ WEET 10,000 mg/L 1 & EEREE BLBR K, RS RS A RSz In Ca®*

(R FEE 5 5
a b 12000 20
120 | I %) xCa2 R )Y $ 100 Il FRM R 1
B Cu Kk oo |- R
120 | 16
~ 480 2

Suof 2 E" ‘e
£ ~ ~ 12>
L J60 B4 A
g 80 & g 10 g
% 60 | b & 18 iﬁ
o] 140 = = )
% w0t © % 16 =
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Figure 1. Effects of softener on the removal of Ca®" and Mg”" in the wastewater (a) Ca>"; (b) Mg®*

B 1. SRUEFIRTER S Ca¥'Fl Mg™ KRRBURAIFM(2) Ca®'5 (b) Mg™

MIEL 1T AT CAE Y BRI FRR X Ca™ ) 25 B2 50 TN 87.9% K1 85.7%, X Mg” HIEBRZ 43 N 5.1%
1 11.5%. SERREAXTHASE FE ) B RS A TR, 1T SRR 2> 5 K P 2 1) Me™ R AR IR BT, 38 Kk
FHRE B S UTTE D A R, DRI A S0 306 BB Ry ol B e B Ak 511

3.2. BALFIRMERIR

a b
120 100 11000 20
—u— FRCa> W PE —h— FRMgWRIE
ook —O0— Ca* % [R%E —5— Mg*ERE
. —————a {9 10000 16
2 l/ \ 3 /\A/
}o 80 ~ ?n ‘\‘ Q
g *® g E
~ 490 " ~ 9000 12 "
=
g 60 [ D\ /\ & ® &
% o " H b o ¥
Q 48 & S R
& a0 O & & =
® ® A/\
or =80 70002 a4
5
0 . . A A . 0 0 : A . A A 0
1.0:1 1.2:1 1.4:1 1.6:1 1.8:1 1.0:1 1.2:1 1.4:1 1.6:1 1.8:1
n(C,0,): n (Ca®) n(C,0,%): n (Ca®)

Figure 2. Effects of softener dosage on the removal of Ca** and Mg®* in the wastewater (a)Ca’"; (b)Mg**

B 2. BAAFERMESTEK P Ca® 51 Mg EBRSURAFM (2)Ca>"; (H)Mg”

PAEERREN A AL, LR In &t ek Ca® i Mg™ B BCR IR in 14 2 Fior. HIE 2 alg, BER
BRI Ca¥ A Mg™ I BRI B .. 2 n (C,00 ) (Ca®") = 1.4:1 B, o440 55 19K ¥ i
&N 78.6 mg/L, HERRENKIAS 55T 1) 2 PR R iA 88.8%, XTEEE T L BRFALT 5.0%. HRRENT TN & it
— SRR ET RS2 S8 Ca¥ KRR N, ARIF Ca’ LR,

Xia Z5[13]FH FRR AN 85 B F 5 BN 4800 mg/L HIMEAR R AKBEAT T AL T, HAEREXHY n
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(C,07 )m (Ca®) = 1.4:1 B, BERRENXT Ca® ML RBCR IR, RBRFERIL 96%. AXBIRIHBLAILS
Xia S5 [ 13]IWF FUARTF, SRTE i BETE L (KU BUAR B /K b, BEREIS Ca® () 2 BRFAR KSRGS, X ARG T
PR HR B B AR e P 5 P AR TN B IR B A AL R VA RN, B BUL IR LS KR R [14] [15]

3.3. pH HI%I

pH {EXH K o Ca” Rl Mg™ R FRBOR IR ma 0l 3 frzs. K 3 aT %, BEA pH 30, 58712
R RIS R . 2 pH = 4 B, IR Ca® IREZRIKN 82.4 mg/L, ZHRFEN 88.2%. HiH
pH [TFE, Flg Mg IR JE B ERRR, H PR 6.0%INZE 13.4%, X0l 62 K bE% pH E AN,
PEKH C,07 « OH 5 Mg AL i 1 M. ESEBRRI R, TR KA B o S5t 7ERR VIR 555
FERRENNT Ca¥ B BRERE L ST AR K pH AT RIE T

a b
250 100 12000 25
—m— FRCa™WE ] o5 —A— FIRMP WS
—o— Ca"EBE 1, —o— Mg ERE
200 k o 5 10500 - 20
R \ / 1% =
3 -
- ~
E" o 80 & 3 — 2
= 150 F -7516& = 9000 |- — '15%
= ] i
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z 465 W & bl
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Figure 3. Effects of pH on the removal of Ca®" and Mg”" in the wastewater (a) Ca>"; (b) Mg®*
3. pH XEE7K S Ca>' F1 Mg® BRI R BN (a) Ca®"; (b) Mg™"

3.4. BRALESEIEYR N

a b
110 100 9500 20
ol —.— ﬂfcaﬂﬂég —a— FAMe S
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0l = ~ A/\
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Figure 4. Effects of aging time on the removal of Ca>" and Mg®" in the wastewater (a) Ca>*; (b) Mg*"

4. BREETEST Bk R Ca?' F0 Mg® BRI R AR (2) Ca®'; (b) Mg™

FRAGRS TRD G R K H Ca® f Mg™ BRI RSN 1<) 4 Frse B 4RI, Ca R Bl I AL I TR SiE K
M NEE, Sk 8 hitf, Ca IERREIE 92.3%. AL AAR] 2 h i, Mg HIEBRREERAL, b
FHIALR A IE KR 8 h, M I EBRRBE— B A E 15.0%4 4.
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FEASADTTE L RE T, AR BT — B 2R A TR BN A2 K B AR [15] (1610 A2 BRERTITTIE L
FUE AR, BEAE BRI RIS, S Rt — P HEAT, DUIE d WEARE S B UTVE R i R UTIE[17], S8 Ca™
A1 Mg IR E e 25 HIREAG . [FIRS, BRI TR KB 2 K Th BB 2 1) Ca® F Mg™ 1E SR T HT H[15],
FER AR BELE B FIRIEIIPAR . WASEIGEE SRR, £ Ca® IR EERRLIT (A2 8 h, SRTTLLE Mg® i
LMk B R, AFT Ca’ L PEE LR

3.5. MR

DABERRAS N b, SR B R Kt Ca? R Mg? ERRRCR SN 4] 5 fs. B 5 WA, M5
FIR IR A 0.35%0, KRR Ca® WRE R AR N 54.2 mg/L, Ca™'MIEFRFEIE 92.2%, Mg IEBREN
5.4%. M 4 ATLAE H, FEFRIRERRAL 2 h B, ZARIRINGRFY, Ca™ Il Mg™ (1 25 BR 73 31N 88.1%H01 12.3%.
TP 4 FOPE S AT, O R SRS T A AR RS (T, FEPRAR M T, AR TSEEL Ca¥ ik
PEME bR 12 B IE M0 RN T ROA T AR, S SR R HT R (18] [19]. BT S IR 4 R
FH], YEBRASRINEIT 0.3%0, FEAGH LR KES B T 12 BCR 5 SR i £ 1R A DL [12].
ME S FTUEH, SRR IR S S8 Ca” KRR MK, AR TR L. Rk, REHA
fr Pl TR B A M AT, ASEER IR 0.35% NIt S A AN N &

a
120 100 10500 20
wf TS HARCHRE —a FAMg RS
ol Ca* £ Jos —a— Mg KRR
~ 10000 | 15
- =)
E} 90 L [ — — }n ~
£ o0 & & £
80
4 3
g & % 9500 N 10 &
& 0 85 4K N i
O ol ‘s = )
ﬁ 60 . O ﬁ \ =
= 5045 =280 e 90002 15
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Figure 5. Effects of seed crystal on the removal of Ca?* and Mg?" in the wastewater (a) Ca**; (b) Mg®*
Bl 5. @MxtEkT Ca?' Fl M R RAIEM(2) Ca™'; (b) Mg™

3.6. RER N REFIED

Table 2. Results of the most efficient reaction

=2 mIRNER

HiA o) S BE (mg L) EE
Mg* 9960 2.5%
Ca** 61.3 91.2%

3 HIEL 200 mL KK, 3% n (C,027 ) (Ca®) = 1.4:1 FILLBIER I ERREABALA, ER0 0.35% K S RES
TER RN, 6 pH N 4, BRI 1 hjE, FFEMME S h, SRR RIER, WERA Ca™'s Mg WRE, 4
BN 2 Fias.

MFe 2 TTLLE H, TETRIN 0.35% ) SRS S AR AL IR ML 8 h )5, Ca™ M BRI 91.2%, S 4 A
K5 Wit BRI L B 2 5, BN Ca® WM 61.3 mg/L, Rl L 46 K 2 HOURAE B % 1K
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R, Mg IERR RN 2.5%, HIXFTE 4 (46 8 h, AEIMEF, ZBREN 15.0%)FME 5 (F00.35%
B RRAEG dFl, BRIE 2 h, RBREA 5.4%) M2 RIE I N B o S R A Bk ) /098 o 5 R A% i o ]
Btk Ca™ IR RO PEME L BR,  JF 238 BRI AL IR RLTTIE MR RR B8 A i

SR FH B RN IR PR K AT AR B 2 o 1 530 2, R R, 91.2%[ Ca®
SERMR 1, UH 2.5%0 Mg> 25 RN 2.

Ca* +C,0, — CaC,0, { (K1)

Mg> +C,0, — MgC,0, ¢ (K 2)
R FH B TR A B ot R /K ) 2 A 2 e i A0 2 3 550 4

Mg®* +20H" — Mg(OH), { (3X3)

Ca’ +CO, - CaCoO, 4 (R 4)

2 3 0 B RRANERAGIVE RIURIE[20] [21 1R AL FIBIN & . AR AT T Xt #r, R aT LA
B AR R AR TR 3.3 kg HIBLEREN, FALFIBIIN & LW B XU PR T 93.4%:  FERZEAIIN
PR N 19.7 J0/t, EEXUREREAR T 80.3%; BEMEE K 20774 3.2 kg MIPLHE , YIvE & XA R T 86.7%.
UEAh, T UTE B RIR RS, ARG Ve B At 2 W3 PR, AL T, BERMEIER A %
OES NIEZSr i

Table 3. Comparison between performances of softening methods

= 3. BTFEMRERTEE

BT RAFIBIIE (kg t™) RUFIRA Tt PR ke t™)
BN ¢ 3.3 19.7 3.2
B b 50.2 100.0 24.1

FERRAN . BB AL A 2 BF 6000 TG/t 2000 TG/t A 1800 Jo/t THEL BALFS BRI R E 1.4; “Ca” Al Mg*
FBRFR A IEL 91.2%H1 2.5%; "Ca® FIl Mg® I HL 91.2%.

4. &g

1) ARSLIGHFFT T 3E A T v B R J AR R K O A AR B 7 ¥, M B RN &N n (C,077 ) (Ca™)
= 1.4:1, pH A4, FRALEEN 2 h, BEAS AN 0.35%, %534 Ca® fl Mg™ 25 (3 43 5l
N 91.2%H1 2.5%, AIFEFEACREEN Mg™ & BRI, SCEiXt Ca™ ik 226k

2) EEFRENERALTE AT AR AL AN & BRI TIE A R . AR AR, AT B IR R
B L E, AT ATFEAC 93.4% AL H N &, 98/b 80.3% AL A, FEAC 86.7%KTTIE R, HA
BENBARRMETFRSA .
=

o R R S BT PR A A AR Ok T H (R R K CHT B e AP Ak B OG B B R B AT
DTEG-KY-2018-007; 8 Jiifi J4 7K M S he i 554k )28 nya S 8 75, DTEG-KY-2018-022).
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