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Treatment of Strontium-containing Wastewater by Mechanical Mixing

Granulation Method
JI XiaoHing, GU Ping, LUO Xin, ZHANG Guang-hui

( School of Environmental Science and Engineering, Tianjin University, Tianjin 300072, China)

Abstract:  Mechanical mixing granulation method was used to counter low concentrated settled
sludge and membrane fouling in the precipitation/microfiltration process for strontium removal. Strontium
was removed by forming compacted crystal particles when Na,CO, and CaCO, were used as precipitating
agent and crystal seed, respectively. Sedimentation performance of particles was improved and effluent
turbidity was reduced to alleviate load of the following microfiltration process. After treatment of stronti—
um-containing wastewater by mechanical mixing granulation method, the effluent pH value was 10.48 +
0.02, the turbidity was between 0.45 and 2. 00 NTU, and the average strontium removal rate was 97% .
The removal efficiency of strontium could be further enhanced after filtering through a 0.22 um mem-
brane. The minimum size of crystal particles obtained after 700 cycles was 45.71 pm. The corresponding
settling velocity was 2.5 mm/s and the total treated volume was 504 L. However, the stacking volume of
sediment particles was only 49 mL. Furthermore, sludge concentration factor ( CF) was greater than
10 000. So this mechanical mixing granulation method has potential for practical application.
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Fig.1 Test device for mechanical mixing granulation
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1.3 [HEKKER

H TS BRI I K v R REAFAEAS VBE B 1, A
I A FEZK T F R KB 5 1) H i SO0 AR O 1R Y
Sr( NO3) 2 Jkﬁﬁﬂ%% 1o

F 1 HEKKR
Tab.1 Quality of influent

woH Bl
Ca’* /(mg+ L") 69. 65
Mg /(mg L") 22.70
S /(mg e L7 5~6
BHEF/(mg » L) 267.8
B/(mg L7 0.018
ML /NTU 0.60
pH & 7.90

R BT 34 ok A dr 46, Horp Se((NO;y) , 1
TR EERH R B 22380500 28 ), HoAth 50 34 1 1 K it
MR RHL L RA R A
1.4 RWAHE

TR R A A AT N BREEEAB Be, S T
5 ) VR OB L TV /e T L AR iR
5% H Na, CO, SHCHER , i iy 1 g/Lo
1.4.1 4 &5 F

il 25 fm A ) 5 A2 e H A CaCO;y g/
TR, A5 BB AR 8 R A IBORE , LARAS B 48 1) [

G, 1.0 LM — K PEMmA 1.0 g Ca-
CO5, IF A 1 000 mL [ 7K, 7KK (20 £2) °C,
1 g/L ) Na,CO, . SRJ5, FH7SERBEFE 25 LA 180
r/min 3 30 min, FE 15 min, BUH 400 mL b F
WL UM — KRR 2 )5 BB A 400 mL
B 3K, 1 g/L (4 Na,CO, , [@#£ L)L 180 r/min
¥EHE 30 min J5, FE 15 min, BUH 400 mL FiEW,
LG A B R, ML PP HEAGER L 22 VR S HE 7K 1
JBEFN R o 0 A I H 7K L R R S R )1
HED f A2 A L B RE T R A DTIE . BT
BT 25 2%: HRT =123 min, G =131 7', GT =
2.36 x107,

IR, & 30 YT, K B 55 1 B R
THUE , 73 M 4EFF7E 0. 30 NTU 198 mg/L Aty it
s A i Al R L A % 5, R AR B R (I {EL 2 o 30
pm) , B R AP TR PERE -

1.4.2 Bim
AT SRR AR B b, TF R RO e

Jei s BEZK BE RN 2 22 [) Ik T A, A& B8 % 7K 720
mL, [RIEHIA 1 g/L #) Na, CO; MEATLTER], BEPE 15
min, #E 8 min J5HCH 720 mL IS, 58— JE
WIRIETT. TR, HRT 0 37,2 mine & H
KRB B RE S pH E B EE , O 1 RIS LT NE fR
P A TRE R B 2 BRACR, B i L DLTE KR
OB 220 B (0. 22 pum) 2o 85 0 5 B
FE .
2 #R5i#
2.1 HHREXRRIERFID

PR B oL AR AT —E B2 IR . R T
FEAER GAE, B4 T 3 90 ~ 210 r/min I [
KRB B0, 7K (20 = 1) C, BE/REE U E
5.702 mg/Lo RXHATSR BRI B Na, CO5 $
i, IS H K pH B 10,55 +0. 02, fz ) #i% i 4L s
720 A JE 3, DU R K B R R X DLV (E T
(] BRI 5 i — YK 7K 8 Bl J3E B S M act 6 s
R RE S5 R I 2.

F2 AEFHETHIHKKE
Tab.2 Effluent quality under different rotating speeds

W A %J‘E/(r'min_l)
90 | 120 | 150 | 180 | 210
Gls™! 46.4 |71.5199.9 | 131 | 165
T 2Bk %/ % 46.1 |60.8 | 60.8|60.8 |[59.8
YU K UE /NTU | 3.04 |0.710.67 |0.73 0.73
LyE K4S /(mg « L") |1.587 |0.065|0.054|0. 056|0. 054
PUEE K DF 3.6 | 88 | 106 | 102 | 106
fEH K48 /(mg » L' |1.472(0.048|0. 035(0. 037 (0. 034
JiEit g 7K DF 3.9 | 119 | 163 | 154 | 168

18 2 AT, 2453 90 r/min [, Hy T 1R
JE/N RN RESE 22 SR, H KB Kok i 7R
i, BRAY DF AT 3. 6; 70K e 42 T2 120 r/min
J& , AR RE 5B AR DT TE TR G e, K B8R DF
88; My 150 r/min B B I, KRRk A
2ZAK,DF 102 ~106, &5 iRt € f5 DF Sk 154 ~
168. FiRBIR UL Y SR BRI, HE20A 2
A BT 78 Bl b P UL 55 7K rb A8 3 A DTTE RiE 4 L 7E
—E T AL, 2RI AT Y 8 B X A 1) A 4 R B
SRR A S B A R, B BRI B 5
I E R 150 r/min, SR AT G 1B} 99.9 s ', GT 1H
9.0 x10%,

2.2 KAE X BRER R F
JEK A R IT R R AR Y CaCO, TTTE
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Tab.3 Precipitation trend of metal salts in influent
dosed with precipitant

¥ H SrCO, CaCO, MgCO, | Mg( OH) ,

Ko™ [1.1x107°2.9x107°[3.5x107° 1.8 x 10"
SR
HWeRE/(mol |5.89 x 10 °[1.74 x 10 9. 34 x 10 *0. 34 x 10 ~*

. L*I)
FA BH B9
Ik AR

M2 3 7] LLE Y 1) R s 4% Na, CO,
Jei RIS ZR R COL™ B e R W R 1 AR I AR
JrHE, 95 5 ) ) B 5 ik B R LI B AU 228K
MR ZE 7 r= A DL« PRI TE RO AR & v, L 5E 7 A
CaCO, 1 SrCO, VLVE , SR MgCO, ¥ EE K T
I AT] e B PR RE AR, e B I e R AN 23 77 A MgCO,
DURE  [H 2 AT REA Mg( OH) , Az jli. Mg( OH) , JLTE
LT k3 LS un s S NS dSY VAN w1 NP It
LRI B TR K T, I DA K g B B 20 3R
k.

R Y RIS KO R T I B S e, 3 3 4 H 4]
TRAZEIRKE B R 2EKAE BE I 50 mg /L ¥ £
240 mg/L, FFHERFKIR (20 £1) °C, HKERHREE N
5.018 mg/L. g5 LF 4.

R4 AEBKEETHHAKKER

Tab.4 Effluent quality under different hardnesses of

influent

HEKEERE /(mg * L")
50.15(97.07(143.6|192.1|239.6
pH 1 10.9 (10.8 [10.7 | 10.6 | 10.5
il B J R %/ % 60. 89 |60. 04(61.01]60.79(59. 99
PUVE KB EE/NTU | 0.52 {0.53]0.39|0.30 |0.31
PLyEH K EE /(mg « L™") |0. 145 |0.087|0. 068|0.049|0. 048

5.56 x10 71.64 x10 >[8.81 x 10 °8.62 x10™"

o H

PiyE 7K DF 35 | 58 | 74 | 102 | 105
JE K48 /(mg » L™')  |0.101|0.071]0.058|0. 047 0. 046
JiE ik H K DF 50 | 71 | 87 | 107 | 109

H1 ¢ 4 W] 0, Bl 2 AR 3, K B
FAR o 40 /K A Ry R KB B, K AR 3 N
0.048 mg/L,DF Jy 105, T3 % I 43 & RE 5 0F — 26 B
AT -

2.3 EHZEZITHHE
2.3.1  PLIEPURL A RS R0 e o 1

IR A (25 1) C, AhZEZizT 700 K
J& O RN g ) SRR T X - STERRE IS A, 32
BT R R TR AT A R, B R UTTE ) & I, X
52.2 WS —3.

WL i ol A A O, 4 BB TR 55 83 K~ 30
YRR A BREE 50 Y BREE 240 UK BRER 700 YK (1)
R0 e HRL AR A, S5 5K 2 s . nT LA Y Bl
T ARLRE RN L SRR W A K AR, /N SR B
WIH R B o AT e . 2] 700 YR, RiAE > 60
pm 1) SRR 2 SRR 98% o

A = CaCoO, B 4

FiiE/m
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Fig.2 Size distribution of crystal particles
& CaCO, /SrCO; FhRIE M5 | [ 73 25 A2 MK
SEEEJJUOTE 7S B, fb oL A DT 2 P [ 43 B AL
BRI R IR b, KRN 25 CHy SRR
Re <1, BRI, X5 N 1Y FURCRLAS JE L 2 1 ~
94 o FI I FE o 307 28 2530 b b 1) 0 o
GERUWAR S ATLATE kL AR AR TE B W 8 o, -
Bpkifs th W1 46 1Y 32. 66 wm 3 F] 55 700 Y Y
108. 6 pum; Fifi 45 3 RL YB3 1, S5 /N TR 3
HIHARY 0. 005 6 mm/s BN EN 5 HY 2.5 mm/s, 1
I 25 446 4%, SRR TTREME RE D] B 2 -
*5 NESF
Tab.5 Parameters of particle size distribution

m o H ERFh | S0 Yk | 240 ¥k | 700 ¥R
fe/VRAZ [ um 2.188 | 17.38 | 26.30 | 45.71
H KRAR / pum 91.20 | 120.2 | 138.0 | 208.9
SEHIRIAZE / um 32.66 | 48.79 | 65.01 | 108.6
e/ INTURE L /

0.0056| 0.36 0.82 2.5

(mm s

Fefiasisy 1 700 A J 1, IAL HUK O 504
L& ok SR L2 Oy 49 mL, iy 0kt 55 CF >
10 000, 75 Je e 4R RICR K4
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2.3.2 KA R R A
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HH 7 LR A T H 7K B VR v B X S AT G
(REZI o 7K Hp ()45 B8 10k B B I X EE T R 1
ek, DAL 3 S G T+ K S R S HE T R R AR . 3B
Frid e, kK 6 B A 236 mg/L B, S a4 7K
pH (A& ETE 10. 48 +0. 02, XiF HY 7K it B 5 o 11y
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Fig.3 Turbidity and hardness of reactor effluent

F 1 3 TR o Y e R TR T 4 Ak 3 B K
BF, BT A i T TE B[R] (9 45 0, 3843 CaCO,/
SrCO; /INFURLRE 7K HE el HE 7K 3k B ey o) 4 o Ao
BB g5 BT 0. 30 NTU FFi%) 2. 00 NTU. {HAF &
20 S5, MU T 3 0. 45 NTU.  Fifi 45 3 R0 4K
G n , A BURLAS K O, BUR SRR URL I TR
PERETH B  (H R FE IR B O 2 2 Al sl KA b
UKL 555 A DU VE 42 fin, BUfdi 2B LY CaCO, /SrCO; /1N
UKL 73 S 7K U 52 el HE K i R . 7R 3R 400
U SO FR AT ¥ o3 dt b R 43 4 2 b iy B AR IS
P, Yo B R B X TR A6 T i, 31 600 VI H /K iR 3k
F 1.00 NTU, #&¥67 700 )5 , M T 51, 60 NTU,
(LI HH 7K 2 A B JE 07 e 2 i PR AN 200 B A 7
AEARR TG B o AL RO 05 2 75 IO 4 i 41 i
JET B — L5

A BT AR P KR AR R K. 35 RE 9
~500 ¥, /KB FERSEAE 90 mg/L Ze A7, X Y
FBRFEH 62% o 1 RL 500 WK, MU I U T B
FEAAT BT, 20 12050 45 R R KR R T o ) 94
mg /L, X HZLBRFE N 60% o g T UL Bl i ) 3
T, B 2 Y /NI T v e A HE I AL Sy s A ORE
RIARIE R FEdPEom B —E RO T, ST A DTE R
B LA, Xt 4 CaCO, ULHE IR AE 11 A BT

TR

2.3.3 HKERICER MR M A5 KA
KRV 5. 161 mg/L B, XHEETTZE £

BRE R E 4 FiR .
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Fig.4 Effect of strontium removal
H &l 4 W] 41, 7E 15 R ET 300 YR ZE 4T, UL TE H 7k
(ARG B S SR8 1A N A Fa 5, t R 4R Y 0. 083 mg/L
N 0. 157 mg/L, Z J5 4RI 8. eI AT B2 i
RERLAR 3873 19 K, 5K iR -5 8 AR DT TE 1Y) Bl 88 AN
o1, FEDIE MK B EE D B ARSI R
o, R UUVE 5 R RS- BRSO 97% , 320, 22
pm JE G 8 FS B AR AL R K, 3 {E R 0. 071
mg /L, XTI DF k730 7532008 T 20, #0m
FeCl, FFIE LY BB DF )2 £ e SR A R, i i
PRBR S 3R T TR 5T 1Y o
3 &#

O K30 W, K R 5 A A T AR
JE , anFBURL LU S, S YRR R 32,66 pum, B
B UTREPERE «

@  TERREEBYBL, RN AR 7K pH B A 10.48 +
0.02, M EETE 0.45 ~2.00 NTU Z [a], XJ A B 1) 2 bR
A 60% ~62% ,if it 0.22 pm it g 2z J5 H K e
e BESE444 0. 071 mg/L,DF %7 73,

@ Y EFEUR g T, HEA RS R BY R
Sl A FPAORL 5 K T T IE R A, AE— e YRR L B
PP X AR A KA B B RS o ZE K
RO K SRR B D BRI, g At v
REfg i — B PRI L

@  BERCFERERIE N, RO AW K, 4y
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