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Desalination treatment of shale gas fracturing flowback fluid by vacuum

multi-effect membrane distillation and field test
WANG Yi-lin'*" | ZHANG Xiao-fei'*, WANG Dan'*, LUO Zhen'?, WANG Yu-xi"?
(1.State Key Laboratory of Petroleum and Petrochemical Pollutants Control and Treatment, Beijing 102206, China;

2.The Research Institute of Safety & Environment Technology, China National Petroleum Corporation,
Beijing 102206, China)

Abstract: A field test is performed to treat with shale gas fracturing flow-back fluid by vacuum multi-effect
membrane distillation. The changes of 11 indicators including TDS, COD, and chlorides in raw water, concentrated
solution, and permeate solution are examined before and after treatment.The effect of salt concentration in raw water on
membrane distillation treatment are investigated. Pressure at the feed and permeate sections of the unit has been
monitored for 30 days during operation.lt is demonstrated that membrane distillation has a significant retention effect on
ions and organic matters,and runs stably.Scaling develops on the interface between the membrane and the feed as the
experiment proceeds.Because the membrane has resistance to acid and alkali,the pressure differential between the feed
and permeate sections can be effectively recovered after chemical cleaning.The recovery rate of water can reach 87. 8%
under the optimized operating conditions, while the maximum salt concentration of the concentrate can reach 29%.Fresh
water after being treated by the unit has a better quality , containing 5 mg-L™" of COD and 102 mg-L™" of chlorides , which
can satisfy the requirements of China’s national standard for the related indicators.

Key words: shale gas fracturing flowback fluid; vacuum multi-effect membrane distillation; desalination; meeting-

standard emissions

HEZE IR R AR AR 578 R BOARARZ, & IR 3y 1o
TR, IR T A IR sl il A P R A 3k | DA K FAL
JEE T 000385 3xk 2 53 1) 2895 22 R B T, K 2R IR &
PEY) T b LI v M BE 4, S IR A 43 15 5
feall, S 2R 2 (V-MEMD ) £ AR 2 H =S i)
AR, FIH Z G N 75 3, B OR Ak )
2 MEZRAR R AR AR RS T B B AR 45
VU B BT v (R v 4 0%, 35 T A B R A ot
FIE e B B K

W 1 A Rl B S, A R IR
BRIT K FIBEASBT TN, I A ae A o 77 A 1 A
FZER HEROK A RUR T o HR TR i A i [
PR(TDS) B TF WIS A (TSS) | CI W& 7, il il
FF R ) S ELR R A2 272 8 434 T X Il v
b B AT i, DX 7 iR T 5 AR HEW ™ AR
TR PEIE N R, A2 e o] A HG B 2 AN DC e R AL
ISARAMER SR U AT RS R A s iR 2 —,
HuT7 PRI TR GO TR ZGR HFRGA PRI MERE H T

5 H#5.2023-01-03 ; f& B H#1:2023-03-15
EETE . EA KRS LA B2 /IR (2021DJ6602)

1EE BT I%ﬁ%( 1986-) , @ s i+ s [ AWl ,ﬁﬁ?ﬁﬁﬁﬂ A SRS K R R B Ak il HIER A ,wangylin@ cnpc.com.cn,,



2023 5 B

B AL ISR DU )1 48 BRHECER AR S IR (A
FEE K FAREY) (GB 5084—2005) $hAT , &AL itk 1
/NT 350 mg/LU ABEMERE AN, P& A SRS
IR HEWR AR TRAR AN HEB A | 1 Ry 122 S0l iR A i DR 1)
s ]

B E NI 2F 8 TR T IR AL R v H S
JE 23 HE W/ M 2R K B BF ST, Junghyun 2504 fi
FHRBSZE IR AL PR TTA SR K, B @ OK Rl 84%
A Lo X HLAS AR AR T R B I 5T, s AE
WEKIRAL TR A 5 R g SR v a2
Andrés—Marias 25" BT T K IR ALK 2 1Y BL 23
ZRNERNE R G, I AR S B R 75°C, T & R
150 L/h S B i K7E R i,

ARWFFE LA )1 48 FE 5UA S R 2GR HER R Ak
X5 T T H28 2RI, iz iR
TEUUA S S4R HER B £ IR BR A HESE— 25 iy 4RI
851,

1 KB AR

1.1 KGR RIS

FERI 25 70 5 AR} B ER N A A S
iR, 5950 Tolb 2 S A AN B b R (P 2l) 5 Bl i
R & (RETEAEYD) .

EER I RS . DRB 07 2 i A (38 [ s
A7) L OIL420 £14b 43 6D AL (db st e ZRHE) |
TSSPORTABLE it B 73 74X ( 3& [E 3 4y ) . DR2800 43
T (SEE M A ) (1CS-2000 B T (A3t ( 36 [
#%) (OPTIMA7000DV 4= B i35 i Bl A& 55 5 1
ARFHEIEAL(SEE PE) (AFS-9700 JiF 906G
(AR ) | Aqualog 2548 -1 DLW I - = 4k
PEVEIETE AL ( HORIBA Instruments Incorporated ) | EL
23 SRR E (A .
1.2 EXZWEEEBEE

TURSEZLRHER LRI 7 AR B 2
SUNEZR RS B P AT 1208 AL AT R R
85 BRI R G FINAE 258 4 IR, T 250
TEWLIE 1, JBER M B R U5 0% (PTFE) , 454404
WAHESL (plate and frame) , BEZS %0 ¥ 5t ePTFE °F
BIfLA2 0. 45 wm LA IES /3 A #E Ml ff 1420
12IEE 77 0. 15~0.22 MPa,
1.3 EWHE

(1) 75 Z R 78 18 Ak B 0T 4 3 408 HE W
5

TR R SIR HER Lt (2 2 2 s

ERFEF  METERRIRETIVERBR LR STHAN - 201 -

BorEbk
iU | N
l_ R}
%
Pl
i
@gﬁ&mﬁs Yo Yt
= 77K S e K

=il
- e

A1 EBEITZHRE

B e T 2T Tkl R T A4, (B K AT 5 A
7S ZRUBEHAR T 2 AT IR B e 4, b T2 s ik
BT IR Z2 00015 G A2 e

(2) R BB TR E N

e H SR A A 2R T B v
I BOSE, X HEIT R 56 58 i A Th Y 30 d AR
IO, FH o e s TE e RS TR 1221k

(3) AL BEAN I BE 1Y 00 TR BGR HER

AT TR ZGR HER A L B ke BACHS /Y
A AZE BT , o HL s Z2 U 7R 1R A B K
B AT HE K i IS AT ROR R
HEHA B WA IR

2 HREITE

2.1 TWESEREBHRKRD N
PURSRZRARROK B 1, /T LR H, TDS
F1 MIERRAESERBHBK R

Kot Zjﬁ Kelths g“m
pH 6.84 || /NTU 202
PR/ (mg- L") 2. 15x10*||[fb2A R A/ (mg-L7') 674
T/ (mg- L) 22 ||/ (mg-L7") 1262
WEIREL/ (mg L") 15.9 ||/ (mg-17") <0. 004
WARAZEE/ (mg- L") 30.8 || #Akd/ (mg-L71) 0. 005
W AEAZEE/ (mg- L") 4.5 || Z“HE/ (mg-L71) 0. 04
£/ (mg-L7") L.09x10*| =/ (mg L") 0.2
B/ (mg-L7™") 78.2 || BRFRELTAE/ (mg L") 0
#/(mg-L7") 170 || ERRERERIE/ (mg-17')  8.01
5/ (mg-L7") 587 ||4f/(mg-L™") 0.74
#/(mg-L7") 20.4 ||/ (mg-L7") <0.02
REF/(mg- L") 73.6 ||%/(mg-L7") <0. 006
B ¥/ (mg L) 89.3 |4/ (mg-L7") <0. 004
FALH/ (mg- L") 4.9 |[#/(mg-L7") 0. 0082
S/ (mg- L) 1.40x10*(| i/ (mg- L") 0. 0007
FRIREE/ (mg- L") 247 ||#6/(mg-L7") <0.06
filifaEh/ (mg L") 44.7 ||8%/(mg-L") <0.07




- 202 - A AL T

WM 2. 15x10* mg/L, & Eh s, EEBE s
J& Na* (Cl™; i BF  COD | 3 B it /&7 , 78 R B2 ¥k 45 BT
Al RESSTERER R AL 453 A LTS Jeuldn ZE R ALIE
TEHE N B 25 R R, W JFOK BEAT 608 5 0k, 9F
T R RS A LA, B ATRRSE TS 38 05 Y AR
2.2 MESERBHGEHAMRREETLEYIR
Bk

HRAE 2 2 KL A Bl S, vl LU H 2 Ttk 3
NIRRT | LS ZRUNREZE R T 20K ) TDS M &
SALI Y IR SE T 2.19.1.97 1. 99 £, #at oA —
Bk 85 BRERER 43 R AR T 1. 77 1. 33 A, I 2
%6 B K RIS IE AT, 76 B /K Bk 42 fk ) %
AgEYG KPR T D B T IRIKOK B,
COD F#Z 5 mg/L, APk BERE 2 102 mg/L, 4%
F U4 A H K BRI AR HERR(E, BF COD X F
100 mg/L, AL FE LT 350 mg/L,

2 HESYERBHHASRMRETNL me/L
i3 5 JE K T 4 T KK K=K

AR L A 1.23x10° 2.69%x10° 654
o 5890 9480 5
il 4.74x10* 9.34x10* 108
A 8. 34x10* 1. 66x10° 102
BE 18 46.5 0.32
i 700 962 1.18
5 223 394 1. 62
i 47.5 115 0. 104
REF 630 1950 0. 705
AR AR 83.5 111 0. 603
TR ER 24.9 33.6 3.22

W Z2 15075 YL WA BN 28 i I A 25 B R R AT HE
7,33 0o A LY BB ASOR By, R BR R
=115 99. 92% , HERRAE L B 125 T 2 w0, HLAth 0 1K
BASCR SR 31 355 H1E F7 Oh  TRES 1 > S AL W > 1 > B >
BA>HHIREL o

R3 ZWTEMERE %

T H PRI TiH R
i e 99.92 Vi e P T A 99. 47
BT 99. 89 TR 99.28
AW 99. 88 5 99.27
ap 99. 83 B 98.22
i 99.78 TR 87.07
il 99.77

FE43BFESH

2.3 RKEIIBITREMWIE

K2 IR, B ESHETT 30 d ik ) 51 i
JE 7k Bl A B, R 2B E 5 14~16 d
I, BAs 22 (AP) A B 3G O SR W IR i
L5145 T AT A2 0 e, FH B 73 450 2% 1Y
ERMRVS WA A VE , B AT R 90 min, FHZ1TZE
TRIE VA 60 min, FE ) 22K E 1EH , R Z5IR ) ot

PR EER,
30
25
\’MMN-L
@20
= 15
315F
& 10 —W\/\,Wi
5+

0
12345678910111213141516 1718192021 2223 2425262728 29 30
H i) /d

1 — IR FE F1 22— AU FE S
2 30d&SmfTEAERESAEN T
AT KRS 2 4.6 L/min B,
2730 DR I S RS2 A 3 1 R s %) 1 2 43 Sl R IR T
23.77% 21.88% .22.22% , V-3 F F%& 22. 6% , % W
FEE PN 3t Sl BEL ) ABHS , S5 905 75 YL R ) B T
F4 UEFEWEARBEKRETHENESTK
PR/ (Lomin™')  VEVERATE S122/kPa 15 UE)G K J125/kPa

2 12.2 9.3
4 12.8 10.0
6 13.5 10.5

2.4 #HKESHEXRAENRIFT
i ) A H AR B K R MoK
KRR S Ge it o v ik Kk BE AR A X 2
EIBITRORRY N, BRI A R ISR 5, o Hrdh
UL 3 FE 4,
F5 FEkEKEHETHIXIGHIE
BEKE ko RIRFRFEHRL R e BpI A WokERs
Hhim/% FEE/%  (kWheh'') 5B WEEE %

1.20 3.1 37.9 2.6 0.52 86.0
1.70 4.5 37.7 2.6 0.53 87.8
2.30 6.6 37.4 2.9 0.57 85.7
3.00 9.0 36.3 3.0 0. 60 84.0
4.30 11.9 34.6 2.8 0.55 82.9
7.40 16. 4 28.4 2.2 0.44 78.1
9.40 19.8 36.8 2.1 0.42 75. 4
11.30 22.8 25.4 2.0 0.40 72.4
14.01 25.7 25.6 1.8 0.37 71.2

15.21 29.0 25.7 1.9 0.38 72.8




2023 5 B

IFZ 5 AT UL IR IROK b i T ik 87. 8% , Hk PR
AR 5 WK S B s = 29%

= 40

5 % o 1

= 350 [ ]

i o

0|

2 30 -

¥ -,

Easr =mm

=S

:El

ﬂ_ 20 1 1 1
0.3 0.4 0.5 0.6 0.7

BT Ao i e 4 £ A

1— KB B <7% ; 2— K S >T%
W3 RS AK S E xS A 8] IR 46 12 3 K
AW E W R

90
o. o 1
e ©
80
y =
M o
-ﬁ L] 2
=70
60 1 1 1
1.5 2.0 2.5 3.0 35
L&

1—i K& B < 7% ; 2— K S E>T%
M4 ZEARFKEGHEHFAKEHT
EFBIEATS5 h RKER T

A3 A 48], LI K& E 7% 0 PR | bl
K e B Y T B B TR) G B R T [, B
B ] e 4 15 B 2 e BRI, T R 24 3. 58% , 15 355 18 1
TREFEREE WK R TR, ETREFESIE, X T2
S TAABRES E E>S TR E S K,

3 it

(1) B2 2RI BARNE Ry DA SR 2R HE
TR ARSI MHE AT A B A, B B 75 Y
B AY B R IR K = K I K B 4g, 7K COD [ &
5 mg/L, EALYIHE EFE 2 102 mg/L, 2 WHEHR4T 4 7Y
NS AKIEPRIMEZR  BEZH {0 HLA ) A P
BOR F1IE 99. 92% , B -1 BA 808 DA i B 55 HE TR
TR F> G >80 >4 >S40 > FY TR L

(2) M EIELEAT 30 d, BIPRS HERE, K
WIS AT, B Rty B v vty PR ) 2 7 A4 0 20, AR
ePTFE [ B AA 6} it 2 s 14 4R P, 65 35 15 G 3l 2 3 4%
Ak 22 I VR 2 T 2%

ERFEF  METERRIRETIVERBR LR STHAN - 203 -

(3) 73 A k7K e B A2 A ) 3 BB AT ROR B 32
My , AR 30 20 L REAR R DL PPAN, 0 20 0 Wy L s 2 it
ZRMR RO TE ] T Ak B Eh > 7% B @ HROK B
R SOK ST I8 B 87. 8% , VR 4 W % Fh i fie vy T 3k
#]29%

(4) IZ T ZEMT U R 2GR HER R e 4
WAL, T A K T v i A A AL 58 1k
KBR BT Or B T W AR TR S B 2 T
12822 Y 74 7]

(5) HAR B T 0 T2 2k i e 18 47 A 38
19, BEA O SR K A B R BHBESS F AR RE R
FIARES & RERIR B AT A, M 2 KK AR
SRR AR B3 M DX ) IR ARSI SR AT, n] AR R
AR Z N H A,

S 3k

[1] 2=, BRI, R, 46 SR SR BGR HRR S M b B AR B 5T 3
R[] Tolbok b FH,2022,42(5) :34-40.

[2] Liu Wenshi,Sun Lingru, Tao Sha.Removal of Ca®*, Mg>*, Ba>* and
Sr?* from shale gas flowback water from the Sichuan Basin in China
by chemical softening under the guidance of OLI Stream Analyzer:
Precipitation behaviors and optimization study [ J ]. Water Science
&amp ; Technology ,2020,82( 1) ;194-206.

[3] MUz PR QR 97T DU 48 0 STF Rl 15 B B 16 T R BUR
[Z].2018-02-01.

[4] Junghyun Kim, Jungwon Kim, Seungkwan Hong. Recovery of water
and minerals from shale gas produced water by membrane distillation
crystallization[ J ] . Water Research,2018,129:447-459.

[5

—

Florian Kiefer, Markus Spinnler, Thomas Sattelmayer. Multi-effect
vacuum membrane distillation systems : Model derivation and calibra-
tion[ J].Desalination,2018,438:97-111.

[6

[t

Xing Yulei, Qi Chunhua,Feng Houjun,et al.Performance study of a
pilot-scale multi-effect vacuum membrane distillation desalination
plant[ J].Desalination, 2017 ,403;199-207.

[7] Abdullah Najib,Jamel Orfi,Hany Al-Ansary,et al.Assessing the im-

[

pact of operating conditions on the energy and exergy efficiency for
multi-effect vacuum membrane distillation systems[ J].Water, 2021,
13(11) :1-28.

[ 8] Boutikos P, Mohamed E S, Mathioulakis E, et al. A theoretical ap-

—

proach of a vacuum multi-effect membrane distillation system [ J].
Desalination , 2017 ,422.25-41.

Andrés-Mafias J A, Ruiz-Aguirre A, Acién F G et al.Assessment of a

[9

[

pilot system for seawater desalination based on vacuum multi-effect
membrane distillation with enhanced heat recovery[ J].Desalination,

2018,443.110-121.1

e e s S et e B e ot et S atcam ot B e

+ .
; CRRALTY RIS~ K Ve B BR300 75 , 3278 B 48 http - //www.xdhg.com.cn }

e s s oo se oot or st s or st st er st et ot se ettt ot ot



