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Tab.1 Characteristics of drilling wastewater
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Fig.1 Variation of COD, (a) and CN (b) removal rates with dosage of the four flocculants
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Fig.3 Effect of PAM dosage on CODc, ,

UV,s, and CN removal efficiency
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Fig.4 Effect of initial pH on COD,, UV,s, and

CN removal efficiency
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Tab.2 Experimental designs of different factors and levels
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Tab.3 Results of orthogonal experiment

el = COD¢,/ CODe;,
= A B C D mg - L7 KERE/%
1 0.2 0.01 6 0.5 2305 34.1
2 0.2 0.03 8 3 2198 37.2
3 0.2 0.05 10 5 2228 36.3
4 0.6 0.01 8 5 1667 52.4
> 0.6 0.03 10 3 1775 49.3
6 0.6 0.05 6 0.5 1832 47.7
7 0.8 0.01 10 3 882 74.8
8 0.8 0.03 6 5 1019 70.9
9 0.8 0.05 8 0.5 642 81.9

Ki 359 53.8 50.9 55.0
K, 49.8 52.5 57.1 53.2
Ks 75.8 55.2 53.5 53.2
R 39.9 2.8 6.2 1.8
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[ CODe, 2 BR 3, i E S AETR B 7 28 AB,C.Ds
B AL (SO, ), #Jm & 0.8 g/L. PAM % il &
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Tab.4 Comparison of drilling wastewater characteristics before and after treatment
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b K 3500 4.46 2.335 8.73 0.3 20
Ak B % K 850 0.847 0.013 6.30 <<0.05 <0.5
LR/ % 81.92 81.00 99.40 83.40 97.50
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B4 A Y. 250 nm 1E F E A 558 A9 I I, i
260~270 nm k5 J5 FE 5 AH 5C ) R AE W 0 C R R
F5,2010) . FROGAT DA T K A MR SCA F SR AR A R
HIR T BE 27 2 3% 55 K 4% W) o3 BT B ik .
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Fig.6 UV-Vis spectra after adding different
Al (SO, )5 dosages
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Apx =235~255 nm,Apy = 320~420 nm Y X 5, £
T 4N (Peak A~D) 43 5 k5661 ACH]
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(EEHE%.2001) ;9060 C(Z3 . = AT HRLS
WPl A o = 225~230 nm,Apy = 320~360 nm) ; %¢
S DCHLIE IR HLY I L A ey = 280 ~ 285 nm,s Apy
=310~320 nm) (XfH%5,2004) .

UG5 I (] B2 R AE T JE K 5 B ALY (fluo-
rescence organic matter, FOM) ByAHXT & &, DA4%52¢

S -4 5 S5 B 2 1 20 1, (¢ = Peak A~D) IR
KT FOM (25 & &t GRS 3 85 45 . 2007) , LA
SRR A 2 L RR 2 A WL R BRACR . TR BE
Vi R 8l K FOM 25 BRECR & 8 FiR .

M 7a—c AT LB 1 BEE R EE T, 615 E
PR RRAE 2 G W) BT IR AN BT AR AL . BT K R K
& A CMC.FRH & - m 31 . 5 e 2¢ e g B 75 Ji
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) O 1 5 I I A 0 344 5 (R AR AE L, 200D, fH
ME 8 BT LLE Y, AR G5 B A RS2 R, 1 B Al
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Br,iX 5 CODe, [ 25 Br B — 3. JE /K 1 8 9 ok
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PEAR DG, TS50 B 7K ¢ Sl e 119 2 O 5 i 5 % K
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2011b)
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Fig.7 Three-dimensional fluorescence spectrum of drilling waste before and after coagulating
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Fig.8 FOM removal rate of drilling wastewater
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Tab.S Characteristics of different drilling wastewater

5 iR & KB  CODe/mg+ L7 SS/mg+ L7 Cl/mg + L7 S /mg B Sk YR
& 47 Rtk 218 8943 3760 1590 <0.5 ZEPEAF L2009
I 104 REY war 4102 8180 3220 <0.5 ZEPEEF L2009
M3 -3 i3 s 17100 20 427 0.743 R, 2017
M27 R ey ) 14256 1104 2144 247 55,2017
T 215 R Bk 3500 2200 1100 20 WS

BEEZERBENSTRYOERNE

B PR OK 32 B AR A LA SR O X R
P AER IRV IE M R Tk £ 2 3 L8 I B B
T 79 S5 RS s R 5 B R A A Kon] L IX

3.2

Kw R BT . — 5 T, 1R B Be W1 IR
JR K TR R I3 B B (A 38 38 45, 2009) L IR IR W
1) IS A 5 /) sk 20 J8 7K e 14 95 e ) % &t (Matilainen
et al,2005) ;53— J5 1, = ZE 5 B 45 R BoR . kg
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Treatment of Polymer Mud Shale Gas Drilling Wastewater by
Coagulation with Al (SO,);-PAM

TANG Yi-ming, LIU Dan, LI Qi-bin, FENG Mei, YI Xiao-ying

(College of Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong

University, Chengdu 610097,P.R.China)

Abstract. As the natural gas industry has developed in China, drilling wastewater has become a hot topic in
industrial wastewater treatment. In this investigation, the removal efficiency of coagulation for treating
shale gas drilling wastewater from western Sichuan was studied, aiming to provide technical support for
practical applications. Four different flocculants [ ferric chloride (FeCl;), pre-hydrolyzed ferric sulfate
(PFS), polyaluminium chloride (PAC) and aluminum sulfate Al, (SO,);] were compared. Al, (SO,);,
augmented with the coagulant aid, polyacrylamide (PAM), was found to be the optimal flocculant for ad-
vanced treatment of drilling wastewater. Optimum coagulation conditions were determined by single factor
and orthogonal experiments. The physicochemical characteristics of the treated drilling wastewater were
analyzed and compared with untreated wastewater using measurements that included chemical oxygen de-
mand (COD¢, ), cyanide (CN7), UV — Vis absorption and the three-dimensional fluorescence spectrum.
The pollutant removal mechanism by Al, (SO,); coagulation was also investigated. The optimized coagula-
tion conditions were as follows: Al, (SO,); dosage, 1.0 g/L; PAM dosage, 50 mg/L; pH, 8; stirring
time, 3 min. Under the above conditions, the removal rates of COD¢,, CN and UV,;, of the drilling fluid
wastewater reached 81.92%, 99.4%, and 81.02% , respectively. Analysis of the three-dimensional fluores-
cence and UV — visible spectra indicated that coagulation treatment significantly decreased the concentra-
tion of macromolecular organic matter in drilling wastewater. Carboxymethyl cellulose (CMC) in the drill-
ing wastewater was quickly removed and contributed to a significant decrease in the organic content of
drilling wastewater. All pollution parameters in the drilling wastewater decreased after treatment with the
LAl (SO,); ]- PAM composite coagulant. Colloids in the wastewater were destabilized, simplifying the so-
lution chemistry and aiding with further treatment of the wastewater. Future research should focus on why
the fluorescence absorption peak of hydrocarbons increases during degradation of organic matter and on de-
velopment of synergistic technologies for wastewater treatment and water purification.

Key words: chemical coagulation; drilling fluid wastewater; COD¢, removal; three-dimensional fluores-

cence spectrum



