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Determination of halogenated hydrocarbons in outlet fluid for shale oil
and gas reservoir fracturing by purge-and-trap and GC-MS

Guo Wei'?, Huang Chunhua', Zhao Xionghu®, Zhang Xiaotao', Shen Bin', Wang Shuangqing', Sun Weilin'

(1. Oil & Gas Geochemistry Department, National Research Center for Geoanalysis, Beijing 100037, China;
2. Drilling Fluid Laboratory, China University of Peiroleum ( Beijing) , Beijing 102249, China)

Abstract; In shale oil and gas exploration, chemical tracer technology is effectively applied to the evaluation of

fracturing technology. The precondition for the application of this technology is the establishment of corresponding

analysis method. The authors selected 21 kinds of halogenated hydrocarbons as tracer, with stable chemistry character

and low stratigraphic background values. And a high sensitivity detection method for the tracer by purge-and-trap

and gas chromatography mass spectrometry (GC—MS) was developed. The conditions of purge-and-trap and GC—

MS were optimized and the optimum conditions were obtained. The results showed that the detection limits were
0.027-0.162 pg/L. The average recoveries were 74.16%—121.9% with a precision lower than 12.79% (RSD,

n=7). The established method is simple and fast, hence is applicable for the determination of tracer in fracturing

outlet fluid samples after reservoir reconstruction.
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1.1 U FE5EE

(1) 3¢ H EST analytical Encon Evolution ]
TR LA 5 mL A K BUHAEBE; (2) HA
5 QP2010 Plus < AH €4 335 1 3% Bk AX, 4 %
hpSms BAAEH:; (3) K E SCE & 4 4% (A%
A 100 WL 250 w500 pL 11 mL) .
1.2 k7S5

(1) W R ER S, 5& [F Fisher 28 &) 5= i
(2) KACRA PRS2 A ChemTek, Inc./\ ]
P (3) AR -D5,1,4 —E@ AR -D4(NIrfb &
) , 3% 1H Supelco 22 7 (4) W 2K, Z& 1R /Kl
= Al J AR A 30 min,?é\fﬂ)ﬁ1§ﬁﬁo
1.3 &G

(1) AT A AR RIS 55 °C i<
Vi 40 mL/min , BRIV 150 °C  fEHIZIREE 150 °C IR
HEFE] 11 min, K BIFHEERE, (2) 251 fif Wi T
PIRIE 210 °C W IRIE 215 °C W AT A] 2 min 4k
JEHR B 250 °C, MEEF B[R] 10 min, (3) GC 2% 14
hpSms BAEH: (30 mx0.25 mmx0.25 pum) ;FEFE O
TRE 190 «C ;ﬂ‘?ﬁﬁf?ﬁo CA-HF2 min,6 °C/min F+
% 150 °C, FLL 12 °C/min FFE 220 °C,£#4F 3 min;
3RS .He, 7iii# 0.99 mL/min, JE /] 56.2 kPa; /3 bt
20 : 1, (4) Fuigk st s34 (ED & 7R, BT
fiEfR 70 eV, 3 R 230 °C, B T IR IR E 200 °C,
ARG m/z 45~ 350, %K IEE BT E] 3 min,
(S)AUFRESHE . 2% EPA 524 Jrikt "™ RESh S HT i H]
ST FC-43) XM T B IR, TR 1
5 P 4RI (BFB) A4 T LAY B 1
JE 4 R 1 BRME)E AR T N —25 50T,
1.4 #FiEREEF

e 725G (F2) RN IR B,

Table 1 Ion abundance index
for 4-bromofluorobenzene ( BFB)

JEAes b (m/z) AHXS 2T B AR AR
50 FIEEL 95 B TR 15% ~40%
75 R EL 95 BT FHERY 30% ~80%
95 JLUE FEXT R 100%
96 KA 95 BT FIEM 5% ~9%
173 INF RS 174 BT HEER 2%
174 KFFEE 95 BT F M 50%
175 RIREEL 174 B FFRER 5% ~9%
176 J T 174 BT FE M 95% ~101%
177 AL 176 B FFRERY 5% ~9%
2 BETREFZER
Table 2 List of alternative tracers
5 AR/ P2 e hE/C

1 4— {2 218.03 211.5

2 1,4- 0% 235.90 219

3 1 -5 —4-TLE 238.45  226~227

4 S—ll— i) B 232.06 92~94

5 4-f-SF R 232.06  106~108

6 3,5- R 249.93 246

7 1,4- g 329.90 285

8 1,2- i 329.90 152

9 2, 4-TREHIHIE 27798 278~279

10 2,4,6-=1RH% 328.83 290

11 1-ft s 254.07  163~165

12 2- LR 280.10 300

13 9-7RE 257.13  180~190

14 2-TREE 207.07  281~282

15 WRARIRC 5t 163.06  166~167

16 1,2- 5% 147.00 179

17 1,3-5K 147.00  172~173

18 1,4- 50K 147.00 174

19 1R+ 24923 134~135

20 RS 193.12 201

21 1-IR-4-52% 191.45 196

22 SRR 314.80 271

23 1,2,3-=50K 181.45  218~219

24 SHRIEE R 205.48  136~139

25 4-RFE 175.00 150

KHHZEE A ChemTek , Inc. 23w B3 HE Y BT i 47 5%
g T

2 ZER51HE
21 HHEHSH®

AR % L1k & W 0tk 2#2 M T, S % EPA
METHOD 8260B #1 5030C, DA K + 3 Fnh K 7k rh#%
KA ARG W0 oA 7 B v
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JE R 100 mg/L 19 <0 AR DL R A A5 VA T, BT
HA R 10 e/ L BIARETR I, 8 ] EST i 4
1A B S mL BRI, A SIS L Wy
20 mg/L BYNARY (SR -D5 I 1,4 Z544-D4)
VU, 38 4 A3 B SR A B — S e R I X e
FALA P 1 O, RAF X TR R AL A
TR WA e P 2 3o i 25 2

2.1.1 ki LH

EST K B Ffi £E B i Carbopack B/ Carboxen™
1000& 1001 JLFP g B TR A T K , 3K S — ik S Wi
B3R LA PRAK M o i AR 2 o EL A AR A 1 Wt
BRI, HLRE RS AT e Hh R IR /K 70 1E A (it A,
FE AV AE B (AR R4 TR B AR | A A A
FAVHAEBE , K A5 B 155 i 3 58 B2 (00

(L) WRATIRBE . 3 5 48 e A i I 7 v iR
B BRI PR ) L BR 4 R R 2 e
R AR B KR L 2 | s R BR K B
M, H = R AUm AR 5 8 7 E (&
1) AT AT Ak G v R A1 B L D R R i) 7
(R 3K, o b A1 2 - IR ZER Rk, Hog i
T 22 634 $2 713 121 113,485 435.09%, At
TE YR R B R A AT AR S R B
e RN ERL &

(2) WRHBFE], IERAE & W B[R], BT DLE
LRGP EZ 0 B LAY, S m A TS
Y AISEER T 5,9 11,15 min WA ] f4 0 715
BLCEL2) , G55 H ARG A3 1 0 AR 2 Rl R
i TR 3G T3 K, H3G KR B BRIk, DL 2-1R
ZER ), A R R A B TE] U TE FRARK TR R 22 546,
65 379,103 526,128 933, # Hif— W43 B ] 4K ¥k
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Fig.1 Total ion current chromatograms of semi-volatile
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Fig.2 Total ion current chromatograms of semi-volatile
halogenated hydrocarbons at various purge times
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s B ARG Y0 BRZE Ty A 4 B v B B i 280
AT A IS b, 77 AR AR B g 0 T FHUE B
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fiff, 406 Al 4 DR AT P i, 205 5 A A O T I AR B
(270 C) FEH bR Prih s, IF5E T A U I B 5331
4 200,215,230,245,250 °C 5 50T €03 s i 17 1
LI 3) o SR A I A A X 0 i i 1 52
MK, DA 2=VRZS A5, T i fifp W i J32, JHC 0 T AR
YR 96 764,112 731,104 317,118 308,110 833,
BT — U, H AR 5 16%, - 7.5%,
13.4% ,-6.3% . 2557 IEMMBCR IR A B,
PEREAR IR EE Sl 215 C

(4) WAt a] 70 I B — 2 B i I 1) 5
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A \Wahuuﬂmm S e PRI 2 min, LI F ARSI,
230 C FEA R 5E 4
u 2.1.2  AAREH—IE ST
# LLUJ LK TN A O LA —, @
AL et SR AR FL G 6 7 512 75 BEAS 4 15 75
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Fig.3 Total ion current chromatograms of semi-volatile

halogenated hydrocarbons at various desorption temperatures
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Fig.4 Total ion current chromatograms of semi-volatile
halogenated hydrocarbons at various desorption times
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Fig.5 Total ion current chromatograms of semi-volatile haloge-
natedhydrocarbons at various vaporization chamber temperatures
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Fig.6  Total ion current chromatograms of semi-volatile
halogenated hydrocarbons at various split ratios
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AREFFEE Y (3R 2) IRARFE S (3% AR ) IS
HE—TE (GC-MS) S i (K 7). &X &6
T FRAL 5 W) DR BR B (AR g A T e O
2 SRS BEIEA T LU X BN Hod 1 -pi TR 2 -t
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Table 3 Relative retention time of compounds
and quantitative analyses of characteristic ions

53 1k P L e Py o
Fe fpamgs  RRME/CERET SERT

min (m/z) (m/z)
1 EHE-D5(NHR) 4.189 117.00  82.00~119.00
2 1-{R-4-F0K 5.659 95.00 174.00~176.00
3 WA O o 6.717 83.00  55.00~67.00
4 1,3- &K% 7.467 146.00 148.00~111.00
51,4 ZSEH-D4(HHR)  7.573 150.00 152.00~115.00
6 1,4- 5K 7.619 146.00 148.00~111.00
7 1,2- "5 8.159 146.00 148.00~111.00
8 1-{R-4-50K 9.716 111.00  75.00~192.00
9 RS 10.717 55.00 57.00~135.00
10 4L O 10.904 91.00 218.00~65.00
11 1,4- 02K 11.908 236.00  75.00~50.00

12 - -4-pog 12.427 111.00 238.00~75.00
13 1,2,3-=4% 12.474 180.00  182.00~74.00
14 5-fi-[FHE 13.420 232.00  105.00~79.00
15 4-f-SR R 14.174 232.00 105.00~79.00

16 PORTE S S 14.378 169.00  171.00~89.00
17 3,5-"RIPHE 14.489 90.00  250.00~89.00
18 SRR 17.227 74.00 314.00~316.00
19 1,4- 17.310 330.00  76.00~50.00

20 1,2- g 17.825 330.00  76.00~203.00
21 2-TRZE 18.205 127.00  206.00~208.00

22 2, 4-TJH=HEEE 19.422 278.00 197.00~117.00
23 2,4,6-=HFHK  19.591 249.00  170.00~89.00
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Fig.7 Total ion current chromatograms and peaks
of semi-volatile halogenated hydrocarbons

TAT L RIREEFIEH

2.2.2 Ty & R B R
XA G, B B 4y 0.5,1,5, 10,

30,50,80,100 e/ L MR HERS WL , >k BT 57 19 53

B i EST WA AL A S 5 mL 5

VW, FHBhES N 5 WL MR 20 mg/L Y INAR (4

(i) Py v i 2, 3 sk [T 05 20 7, 45 381 1 AR G OC R AR
W (FHEREBR>0.98) Lkt 5 12, etk S
FEl 8 0.5~80 pe/L,

T EPA J7ik  FLHlREE N 0.5 pe/L 1 H xR
A PIARAEA, FEARMNR 7 K, 3RAS T T A
Wil 22 So ARAER BRI A MDL=1,_,, xS (FL
H . MDL R iR IR ¢, iR —E BAE T
OB, n S E SN E KL, ), A0 ¢ (ER A G n =TI
1=3.143 , &L G e 22 S T3R5 2
J5 BRI BR A 0.027 ~0.162 wg/L, 77X T4
TG PR Bl AR DC R R BRI T3k 4,
2.2.3 Tk tyAE B R A Epi R

SR bR T e 1) 5 0A S M2 KRR i
A B & Ybs e T, Be il H b & Pk 52 o
BA 5 we/L A1 40 pe/L BIRHURE S EA 74007, %%
TP TF 4 Fral 21 Fpd AR Y [R1ICR FIRS 2
fE, HEESH 7T R a Ry TR S, &S
AL WRIE 5.0 pe/L B, A6 A W0 97 247 Bl 32 4y
T 74.16% ~ 119.7% , K5 % & RSD < 11.56% ; ¢ &
40 wg/L B, A6 G 9 19~ 23 [l R 7E 85.81% ~
121.9% 2 8] ,RSD<12.79% |,

— L= e

H-D5 Fl 1,4 &K~

D4) ik, K 2 & A S
Yy 5 AERAL G PR TR B 2 G50 B AR JEE L 2

23 HEHEAM

R4 FEREERUSYHEETEE X REREHR

N T B UEAR ST A T AR D s B R 7

Table 4 Linear ranges, correlation coefficients and detection limits of target compounds in the method

et LR/

HRAL KR

75 (AR i (g~ L) 29 R e (g- L)
1 1-R—4-F 5.659 0.5~80 Y= 0.525 928X + 3.909 9x10°% 0.999 5 0.053
2 RO B 6.717 0.5~80 Y= 0.775 652X + 4.729 4x10°2  0.999 6 0.052
3 1,3-25F 7.467 0.5~80 Y= 0.672 904X + 4.231 6x10°% 0.998 8 0.044
4 1,4-"5K 7.619 0.5~80 Y= 0.672 904X + 4.231 6x10°2 0.998 6 0.042
5 1,2- 5% 8.159 0.5~80 Y= 0.718 279X + 3.5252x10°% 0.999 6 0.041
6 1-R—4-G8 9.716 0.5~80 Y= 0.387 711X + 1.983 7x10°2 0.999 5 0.027
7 TR b 10.717 0.5~80 Y= 0.163 883X + 0.237x10°2  0.998 7 0.162
8 4-fL A O 10.904 0.5~80 Y= 0.464 153X + 1.582 6x10°2 0.999 8 0.088
9 1,4- "R 11.908 0.5~80 Y= 0.282 67X + 0.106x10°2  0.999 3 0.086
10 1-5-4-og 12.427 0.5~80 Y= 0.479 241X - 5.801x10°%  0.999 8 0.069
11 1,2,3-=4&% 12.474 0.5~80 Y= 0.372476X + 1.746 8x10°% 0.999 6 0.039
12 5—HL-R] IR 13.420 0.5~80 Y= 0.357 279X - 2.218x10°%2  0.9959 0.052
13 -l —SF % 14.174 0.5~80 Y= 0.324 799X - 2.116x10°2  0.995 3 0.092
14 PRI E- S S 14.378 0.5~80 Y= 0.077 385X - 2.322x10°%  0.994 5 0.142
15 3,5-JRHIE 14.489 0.5~80 Y= 0.169 58X + 6.376x10°*  0.999 7 0.080
16 = RAR 17.227 0.5~80 Y= 0.133 794X - 0.898x10°%2  0.991 2 0.047
17 1,4- g 17.310 0.5~80 Y= 0.211 36X - 3.066 9x10°2  0.987 1 0.092
18 1,2- g 17.825 0.5~80 Y= 0.10571X - 0.9179x10°2 0.991 1 0.098
19 2-THZE 18.198 0.5~80 Y= 0.202 937X + 0.766 8x10°% 0.997 7 0.124
20 2,4-TR=EHIHEZE 19.417 0.5~80 Y= 0.046 348X + 0.473 2x10°% 0.992 6 0.137
21 2,4,6-=HHH 19.585 0.5~80 Y= 0.036 589X - 0.744x10°%  0.984 9 0.154

T Y 3R AR A5 AR5 5 iR RS0 B2 LUAE, X 3R FARAL & W s s W5 AR 2 1L
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Table 5 Results of spiked recoveries and precision

IR 5.0 pe/L

IR 40 pe/L

N e Bt vy - o WER RSh(rs .

min WE/ RSD(n=7)/ g%/  WEE/ RSD(n=7)/ BIR/

(ng- L") K %o (pg- L") %o Yo

1 1-R-4-F A 5.659 5.599 3.93 111.90 43.856 5.07 109.60
2 RACER O 6.717 5.169 4.88 103.30 40.752 5.72 101.80
3 1,3- 5% 7.467 5.368 4.92 107.30 42.325 5.46 105.80
4 1,4- 5% 7.619 5.369 1.22 107.30 41.933 5.17 104.80
5 1,2- "5 8.159 5.632 3.55 112.60 43.821 4.76 109.50
6 1-R—-4-5K 9.716 6.024 3.71 119.40 46.902 4.60 117.20
7 RS 10.717 4.437 8.31 88.70 35.598 11.27 88.90
8 4-THLHI 2 10.904 5.247 3.40 104.90 40.748 5.40 101.80
9 1,4- P02 11.908 5.956 4.50 119.10 45.577 3.25 113.90
10 1 -5 —4-fE 12.427 5.837 4.39 116.70 44.935 4.61 112.30
11 1,2,3-=4% 12.474 6.297 3.72 119.70 48.501 4.93 118.20
12 5[] — 13.420 5.218 7.53 104.30 40.572 8.06 101.40
13 4—fLAR — 2K 14.174 5.348 4.99 106.90 41.242 5.88 103.10
14 PORLE S Sy 14.378 4.825 9.33 96.50 36.533 9.41 91.30
15 3,5-IRHFE 14.489 5.699 4.58 113.90 43.974 7.30 109.90
16 SRR 17.227 4.467 9.31 89.35 36.450 8.83 91.12
17 1,4- " fE 17.310 3.882 11.12 77.65 34.325 10.77 85.81
18 1,2-pik 17.825 4.686 9.35 93.72 44.806 11.52 112.10
19 2-1R%E 18.198 3.778 10.13 75.57 34.439 12.69 86.08
20 2, 4-TYR=HIISR 19417 5.485 11.56 109.70 49.981 12.79 121.90
21 2,4,6- =RHR 19.585 3.708 10.35 74.16 34.591 9.956 86.47

Tt R SRR HE R A I ) 35 I, X 326 5 )
(4 21 Fhpa UL A WIREAT T DU 2R HRA R SR
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Table 6 Analysis results of semi-volatile halogenated
hydrocarbons in fracturing outlet fluid samples

DRSS R (W EH 10 pe/L)

B2 A+F [

z (LSRR %Fﬂ'm/ W IR, 2

(pg-L7") % %
1 1-R-4-%%  5.659 8.991 89.91 10.08
2 RS 6.717 8.725 87.25 12.74
3 1,3- 5% 7.467 9.743 97.43 2.56
4 1, 4-TEE 7.619 9.838 98.38 1.61
5 1,2-"&E% 8.159 9.274 92.74 7.25
6 1-R-4-FZK  9.716 8.621 86.21 13.78
7 TRAREbE 10.717 8.640 86.40 13.59
8 4L R 10.904 8.811 88.11 11.88
9  1,4-TPCE 11.908 8.704 87.04 12.95
10 1-F-4-f2E  12.427 8.110 81.10 18.89
11 1,2,3-=8%F 12474 8.782 87.82 12.17
12 5-flja —HE  13.420 8.831 88.31 11.68
13 4-fAE—HIZE  14.174 8.931 89.31 10.68
14 XPRIERE 14378 8.293 82.93 17.06
15 3,5-IRHZE  14.489 9.029 90.29 9.70
16 ERYAw S 17.227 9.853 98.53 1.46
17 1,4~ 17.310 9.876 98.76 1.23
18 1,2-"iE 17.825 10.161  101.60 1.61
19 2-JRZ%E 18.198 9.142 91.42 8.57
202,4- "R =HIHIE 19.417 10.130  101.30 1.30
21 2,4,6-={H# 19.585 9.687 96.87 3.12

3BT IR AT, [l e U A R LR HE o
A EARE A P e i B B2 500 e/ L A 4D R
an B R B R 10 we/L SEFFIIE A3 4t R 51
T3 6, FLA W IR TE 81.10% ~ 101.6% ,
XFiRZE/NT 18.89%, % US EPA Method 525.2
H GC—MS 43, s SR R A T 70% ~ 130%
RSD J3i/INTF 30% 1) 43 BT 5T i 1 il o) AR O ik
T FH T DUA AR 2GR AR AR R RS

3 i

WA AR — AR 3/ S B A a] LA 5
HN T RERHER R 21 Fhfidoe % A v AU
B YA RO AT E ARSI, T 2 A I U
SERHRB AR R BRI 9 B AR, AR
PRy 2T R TR AL AL, X 21 R A
AU B B i AU = SOE SORE A e
FRERFII RAFTE T
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