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L ED K 2P 2 F T 2% ., BB T2/ . 5. BT i, Bos
MA TR RGEHE, E TR, RBERET EEEH. LIETHIRERY, REBERIKT
W2 SRR BE AR, Al K AR REBE K . SINGH Z5US 25 S b B | 4k 2 AR Rk A% H
ML, WFFE T AE L2 B A b IX 38 38 0 2 S K B R v Ak R R R K B R AT

e B R AL AR B = K . R A S IR R T AR S A L - R B T A I TR R
B K WESE, R A MnO, 7B Wi AT T AR L AL B, COD ABRFE ik 80%, {H/Z, R
AEAL A S P A R R, 3 OB E R RIS Y o I e S O B SR A S AL BRI SR T s T e 2
FI BT K BRI 2 37 oK R 207 ) . B9k A8 i o WA M ATk - I A S T AL T2 b B
ERE K, Gl R A, BEE S KR Fe . Mn? B ALTE i Fe(OH);. MnO, ZURVTHE, M
T RN K PR AR 7 5 R 25 B8 TR Tk — 25 WOt o LAt 25 - o s 4 7 25 21 P 22 50 e /K A
Yy B B AL S AT B RS R A TN TR AL B, B IR L BR R 1K 99.13%, H 4 JE LR R
90% L) b, (X2 B ERACEANI R, IR A XTSRS B AL B R 3k AT (0]
64T TR, R NaOH il Na,CO; AT (L 2258 5 — R Bk A AL 38, JF % % 7 V0 R 28 18 i sF
17 T RIEACFI . BRREREPI B ke th T R E -2 B -1E 2 08 B b e B T 0UA <™
KT, Zead A 15 0 7= H K AT 2K B 3 A0 HE S IR K B R . KIM S5 R T AR08 45
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RBBENGEMIET . RN LTI T2, 2Rk —EhemgE, mR 7RG
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Table 1 Produced water quality from three natural gases co-mining

pH COD/(mg-L™") SS/(mg-L™") 4ihf/(mgL™") HFZ/(mS:em') Na¥/(mgL"') K'/(mgL') Mg*/(mgL"') Sr*/(mgL™")

6.57 261538 619.5 57375 79.2 14 190 1619 557.6 674.4

Ca*/(mg-L™") Ba*/(mg'L™") Cu’/(mg-L™") Zn*/(mg-L") As™/(mg' L")  Cd*/(mg-L™") Cr*/(mg-L™") Cl/(mg'L™") F/(mgL")
3006 998.2 0.71 1.78 0.19 0.07 4.14 29 242.88 365.82

12 XBHHR
i 48 22k B e N T ARG Ak o AR B T A0 R DR 3R SR 4 SR USSR I e . T 77 ¥ (response surface
methodology, RSM) X ik 22 B 17 L fo 2 i fk , IEFE R A IRk (PFS) IREEAI B . P 1%
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PN 0 o e (APAMY) By 488 59 15 hin & 1 [8] 3 95 e & F 2 ONEEIRAONE R E ML L8Rt
YE RS2 R 7, (R ) 258 TS R VR N 207.4 Table 2 ﬂExpelriglental_desi{ggl\zf loading
mg-L™ o B I TR A i 3R 2 R cocuTation veine
13 A ks
KR K T 5 o B 4 JR 3% J1] ICP-OES i, HOF (AYPESEENIA  (B)APAMELIH/ (© [l F e
185 TR A GG BE b, COD R A B i mel)  oely SRR
> ) > v
- -1 20 8 0.8
WHME S, BERRERERAERE, [ Ny
pH R FH 338 FhL B 31 1 N ; L

2 #HR5iTR
2.1 KRFFHSH

MR R 1 FEA R il 1K =2 A v
(B 1) B VFE TR, P2 K R 1 000
NTU A [-, COD }2600mg- L' LA | &3hi
S, 5% 57375 mgL'; Na'Fl CI43 9 5
43 Y 24.73% 1 50.97%., TR, K AR E
WAR R, Ca™ I Mg Ve Gi1iA%] 3 563.6 mg L5
22 [E /K i & P2 (Water Quality Association, WQA)
s 1 07 DK B o SR S G, T R e R S
CHAR#E N 140 GPG LA b, LIAS 588 17if

1 GPG=17.1 mg-L™"); k5% X 7=t /K 5968 R . AN AN 10(1)0(])00 A\ .
3 563.6 mg'L™(208.4 GPG), I i iof ¢ 18 4 (IR 3% 0 = 0 0 g = o
R OKIRBEHE R . AT L, BRSO R B KR E
By ks Trdh . SEE  EE . & Fig. 1 Piper three-line diagram of water quality
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1) AR e J5 22 530 B o SR JH Box-Behnken S 56 152 T % il 28 22 &8 S 46 S A R AT Ak, kAT
T TS, Bty 5 R AR 2 R AN 3 TR

L COD 2 B %8 g i i {E, X 58 A E 47 4005 F2 B2 3 #fr o COD £ BR R B e sE REL R N
0.987, ULHI BRI G RCRAF, 98.7% LA L 1w 17 B 22 AL B /] fif B . COD £ B %A 97.2% 1Y 7% 5+
SIARTE 3N T, ANEEMERE 2.8% SR . RWR LI KT 21.485, RUIBIALA G BFRE T,
TR EGH,; AR REI/NT 10%, XUl IR AR B goN, WG JEAT(E HE .
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LA COD 2 B 2 S mi i {8, 3@ & [0 19 480 & 3 WRHE SR 4 R
BT o A S A AR B IR ST LA T Table 3 Experimental results of response surface methodology
i, COD LRI (E ¥, FLPR{E Y, 5 5 B (A)PFSENAL (B)APAMEL G (C)i5iRFIFAL CODZ

sk (1) Ft ) B AS  (melh (me'L ) SV Sk
Y, =36.552 + 1.834A + 1.428B + 1.181C+ ! 26 9:3 L\ ‘a
0.827AB +2.222AC - 0.943BC— 2 20 1 L1 30.32
2.596A% -2.691B% - 5.333C? (1) 3 2% 8 14 2923
Y, =—176.719+ 1.820A +23.533B + 122.12C+ 4 26 9.5 1.1 3726
0.093AB + 1.23AC — 2.09BC — 0.072A%— 5 20 8 11 28.78
1.194B* -59.2C* & 6 32 11 11 35.43
R FNWAE R g LA R, X b s AR AR 43 5] 7 2% 1 08 29.73
BEAT T 22500 o AETT 2250 v, RESEE 25 R A g 2% 9.5 11 372
K 5 K SF a=0.05F #E 17 FH 56, PE 1L % 9 2 1 1.4 29.87
Fla)>F MR, #5501 P<0.05, 2% xf 10 32 8 11 30.56
BIR g g 2%, g R IR 4. & 4TI Hl, 1 3 95 0.8 26.99
il 1 COD 2 BR 3 (1 77 22 0 Ar 15 B 19 — ¥k £ 3 12 26 95 L1 3527
A F=62.22. P<0.000 1, PEHI7EKF a=0.05 o - 9.5 14 3413
AR 2, AT LA ke i me p R, % 48l 14 26 8 0.8 25.32
F=0.25. P=0.856 1, R{IITFA G, 360 H A s 26 9.5 11 36.93
BLERE S, B, BAf —RITA, B, 16 20 9.5 0.8 27.56
C Y P<0.05, Ui W] PFSHfinik . APAM 4% i 17 20 9.5 14 25.83
. J5 IR R R X COD EBRBUREE: B
AR 232 H TG AB, AC. BC Y P<0.05, 3% 4 COD B 2 4
B PFS i . APAM Bl &t | V5 ¥fe [ It 4 Table 4 Variance analysis of COD Removal model
3N EBMW P AAERL BAER, JF B x4 WA Phm AlE  BE A Pl
M o AR P AE B RN BT LA A5 52 W5 27629 0 070 6297 00001
320K M) 7 (L A e R R R, PR RIS e g R 267 | 2672 5416 0.0002

AR, P(A)<P(B)<P(C), WX 3 A~HFXF COD

B 16.42 1 1642 3327  0.0007
AN 3257 Ej (=} Al =N
2 bR 2% 19 5 W R PO PES 4% il 5 >APAM C 11.19 1 1119 2267 0.002 1
=N V25 N v =N
B> w5 5 g 5 AB 2.77 1 2.77 5.62 0.049 6

2) A (ELZK Pl Rl R 167 Pl 53 o o 1 AC 19.67 1 1967 3987  0.0004
TRITA5: i £ 1 AT D SRs DR 2 ) 8 58 B A FE BC 355 | 355 720 00314
M J37 {EL PR 1) A s H ok o COD 2% B 8 A i iy A2 2837 1 2837 5750 0.000 1
TR = A LSk LS T N =2 S ) i -

30.37 1 30.37 61.56 0.000 1
ﬁ/; ’ U\é Eﬁ % W %I? I‘Eﬂ E(J ﬁfﬁﬁffﬁ th COD % c? 119.65 1 119.65 242.52 <0.000 1
BRACR & K 2(a). B 2b) iGN Ay ; 049
L1 mE-L N PRS £ 6L Fl APAM 45l fit HY Jedb) 0.55 3 0.18 0.25 0.856 1
ZE HAEHIXT COD B M. ol LLE WERE 200 A 073
PFS #il APAM #% il & 43 4 7£ 26.0~29.0 mg-L™ T y

F19.50~10.25 mg- L' i}, COD 2[5 ik 3 & K
{Ho 4 PFS #ME7E 20.0~32.0 mg- L' [, COD 2B 3R B £ Jin 8 34 22 1 Je 7 v Jig AR, X R 20 I
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NAE PES K figt = Wy R B R R R L W B 2R LA K RO DT AR T, B MR P A AL AT I X
B, AHLY S R MG 22 PRES AR 7™ 47 AR AR T F A S 0TS e Wk LABE SR LR AR, S 3L
COD ML BB T M. 24 APAM A AE 8~11 mg-L ™' i}, COD 2% [ 2R bifi % i e i 486 2075 F F#
EE W THEE APAM BN, K A B H A v 71 10 SRS JORE RIS 4% ) I B 2 AT A1 T 34
S, FR M MEIE PEA ALY L BRI S Bk, A O A b s WA Rk B T R AL
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Fig. 2 Contour plot and response surface plot of COD removal rate
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Kl 2(c). Kl 2(d) & APAM &4 9.5 mg-L™' B, PFS #& &t 5 [0l 37 V5 U & 2 18] 3¢ B 1E F X
COD £ BRI EmEN . PFS # M K 20.0~32.0 mg- L™ i}, COD E£[#%5E FIHE T, 5 APAM
hn & — 2 B COD £ B # B PFS 8 in 12 34 2211 A8 fb i & B A1 W] o 7% 181 3 75 Y6 3 24 0.8~1.1 mL-L™
BF, SOmER s, COD KBRRAETHE G T EBH b b Il 35 e & 3, I5 Jep g 25 501
REHCHE 22, UKL 8] 1) il 15 HE 6 184 9 ) K b i e i A RO A A DR R B R, COD 25 R
% AR RIS Ve At 5, S 2 0 Jt S 0 B 1 1 Ve b A TS G W s R BRI Ok, R BuK TR COD i
EF, RBRACRAE 2

K 2(e). & 2(f) & PFS ¥ A&~ 26 mg-L ' BF, APAM # i & 5 819 35 Jé & =22 (8] 38 B4 i %)
COD X I 2 52 W (1) 45 = £ e o7 1 (&1 o 4 [l 75 U8 — € i), APAM # i oy 8~11 mg L™ ),
COD £BRReT G FrE; APAM #ifE—E i, COD 2Bl fiti5 Je it 0.8 mL-L" 3 i &
L4 mL-L™" 1S T & )5 B

3) BRI IE . X} COD 2 BrF AT B AU G 45 MR L2 RN 2% 5 R, B TRt &4l
B TR ) 0 T S e iR, BRI A I AR AR A SR A T I A LA ARG I R L AT
S TN R 37.32%, SEIE R 37.41%, SR WG T BOONAE, FeEAARIELA A5 R AR
M, N BB R A S S K PFS #% i f2 28.88 mg' L', APAM %M 9.96 mg L', [l ik V5 g i
1155 mL-L, 44 [E1 35 e B R VR Ol 239.5 mgeL !

# 5 BBD mFGIIE
Table 5 Verification of BBD.optimized conditions

el sk . .
BBDZAULAL  (AypFSHfist/  (BYAPAMEEHIG/  (C)isieEift/ C;ﬁg/z Cﬁfg/};
(mg-L™) (mg'L™) (mL-L™)
BBDSES I 26 9.5 1.1 — 37.26
RO 28.88 9.96 1.155 37.32 37.41

SR FH W IO T 43 AT A T IR BE R e A T AR, MR, /K COD 2l 1636.7 mg'L,
COD £ABE3 37.41%; A 113 NTU, A LFBRR 98.93%., [AAf, Zeta HLALH JF/K Y 6.17 mV [%
H —4.08 mV, Zeta HL A FH R FRAE B IRAR R IFR 2 P, Zeta B AV 4 XH(EBR AR, ORI AW 5] 1 KT
HeFR 01, B D) RATREERDT. M nT UL, 20 07 18 5 v U0 Ak i 28 22 6 Ak 3B B i 1 ™ koK
B, ke S A BRAR A TR K A
23 RBEENEHR

T2 2 K TS BRI B P - DB - R B B AL, B I KGR BRI A, 2k E) AR R R K
JARIE ) (GB 5084-2005) SAAEAR I

PE R AT 20, A uk ISR M G NF270-1812, #% B2 7r 7 i & 150 Da; 2 1835 I % il BW30-
1812, # A4 F i1 80 Dal'". AN UE M () S A #AFE £ 77 1.25 MPa, A1 85%, a4 45 Jm 7K J7 o
U 15 min, & 6 d RN LK -2% FrEmR (5 70 £0)+2 K -Na,EDTAHRR R AT L 216 U . B i@ Iy
R IEERAE R 1 4 MPa, IR R 55%, AT 455, /K J7 0P ¥k 15 min, % 18 h JH 4l 7K -2% #7145
iz +4 7K -Na,EDTA+ B i 47 4627 15 Uk

e 6 AT, BRI M T2 K § % 525 mS-em ™!, COD 4 541.6 mg-L™', COD Z:fx %K
H 66.9%., HUERENT AN B ERBORIA R, Hd Mg?. Sr*t. Ca¥ il Ba¥' i R % 79.39%~85.63%;;
RBIBEBEHRITTEET 97% U L& EE 1, HEBEEHNRER—NE U RHME 7, X Na',
K'H CULBR#RIA 91% LA | 9HUE-FB &R COD L BR#ik 94.3% UL |,
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Table 6 Effluent quality of each treatment units

IR oH CODfl SS/il e EEE'FE/I Na*/il val Mg“i Sr”/ﬁl
(mg:'L™)  (mgL7) (mg-L™) (mS-cm™) (mg'L™) (mg'L™) (mg'L)) (mgL)
JEK 6.57 2615.38 619.5 57375 79.2 14190 1619 557.6 6744
MEEEE 673 1636.7 52 52336 71.06 13 660 1594 534.9 645.6
Tl it 542 541.6 7.6 34192 52.5 11531 1.594 387.2 309.3
U 5.65 310~330 — 19 580 35~38 8 954~10 061 894~1100 53.66~79.8 36.58~49.35
BiE 5.71 30.41 — 853978 0.93~1.03  494.3~508.7  76~78 2.1~2.3 27
AhELE S Caz*{ 1 Baz*{ 1 Cuz*{ 1 an*{ 1 Cdz*{ 1 Cr°*{ 1 cr/?1 Ass*{ 1 F/ }
(mg-L™) (mg-L™) (mg-L™) (mg-L™) (mg-L™) (mg-L7) (mg-L™) (mg'L7)  (mgL7)
JEK 3006 998.2 0.71 1.78 0.07 414 2924288 0.19 365.82
#EEE 2660 899.2 0.62 1.32 0.03 3.65 29 053.91 — —
i 2253 20.4 0.6 1.31 0.03 3.65 28 030.9 — —
WIE  246.8~350  1.2-~2.93  0.4~0.58 1.02~1.28 0~0.03 2.85~3.52 23321~25 571 — —
R 3 11 0.1~0.2 <0.01 <0.01 — \/ 357~381 — —
3 %

1) AFGE S T b A, SRS R d A Rk S G R ELA R R M (P<0.000 1),
PLRE REUR? Ry 0.987, 1 WA S 50 (B RN (B =2 ) LA AR G A 004 BB, T T AP 78 R - R 0 o 8%
LM AL BEROR . 5B BAE T2 40 PRS #ini 28.88 mg-L™' . APAM il i 9.96 mg-L™" . [1]
Tiis et 239.5 mg' LYy LA T, COD ZBRBM I TME N 37.32%, SCMME N 37.41%, —&
i 25 0.09%; il 2% 28 &k Ak gk EOF COD 43 %1 oA 11.3 NTU 1 1 636.7 mg-L™'; Zeta HL v [
-4.08 mV, 23 T KK .

2) Jin 2k 229 T Ak B A OK T 20 B R AR - R R B B AL B, AR R BRI R BB M T,
X Mg?, S, Ca®* Al Baz*éﬁit&%%ﬁ 79.39%~85.63%. [BBEIEAT AL 97% UL EiE R E 1, H
FEAMEH LR NS TR HABE 7, % Na'. K CUZ B3Rk 91% Ll F . &5 H K Fx [E
Mo FTHOCRAEA MR, ™ K i SR AR R R 4
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Optimization of loading flocculation pretreatment of produced water
from “three gases” co-mining using response surface methodology
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Abstract In order to improve the produced water quality from “three gas” co-mining in coal measures,
response surface method was used to study and optimize the effect of loading flocculation pretreatment. Through
the Box-Behnken test design, PFS dosage, APAM dosage and sludge return flow were chosen as the main
influencing factors, and COD removal rate was taken as the response index to establish the relevant
mathematical model, then the optimization analysis‘and test verification of the model was conducted. The results
showed that the quadratic polynomial mathematical model based on the experimental data was highly
significant(P<0.000 1), with R"=0.987. Good fitting occurred between the experimental data and predicted data.
The optimal process conditions were PFS dosage of 28.88 mg-L™', APAM dosage of 9.96 mg-L ™" and reflux
sludge of 239.5 mg-L™". Under these conditions, the predicted value of COD removal rate was 37.32%, the
measured value was 37.41%, with the deviation of 0.09% between them. Zeta potential decreased to —4.08 mV.
After the system treatment, the effluent can meet the reuse standard for irrigation of relevant dry farmland, it is
of great significance for the resource utilization of the produced water.

Keywords “three gas” co-mining in coal measures; produced water; response surface methodology;
COD removal rate; loading flocculation
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