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2.1 HEMEBEKXESH

R T PR A B A R X R K KR — B E RGBS S ERERERMA. =
BEAEKAGLEREF. BSERLE IR -NERETHELE, AR FREEERE
SHEFRETIRRAY  XFER, RMENET REEEN, TEAESEEMERE. B,
HERBAEMEKPERE TR, S REEER R+ EE,

HKINMEBL TWERBKPENEFHHED, BATHE - NERE T, FERHEK
Z HARMUE-NMESEEF. JU ROBLTHFHEREKFEREFHREE 6
¥%(SCIC).,

2.1.1 Bi#Es

B SO R BT SN AT X8R T IERIBF R B9 SY-221 REFAENCHFERIRME; &
WA 150 X 4. 5Smm REEME , WBREEREB A A FRER, S — N &R & T8, BT A W 3
#25 1. Ommol /L fAR I A 2. Oml/min, 447 4 & )& B Fo, W BAE A% 1. Smmol /L
ZEMERR, F# K 1. 5ml/min,

- ELEREAT,28min N, —MERBEF LiT \Nat K*.Cs BB BIRFHIE. Mt
ERBET Mg* .Ca®" \Sr** \Ba’* 7E 10min NREBEIR T H.
2.1.2 ZTHSH

FAER LA AR P 238 1 (SCIO) , M ETTHEMK KM EM R KPR T#TT
WE, HEXRATHUEERSBENHUBREFHTRIABECCPHOMERETHE., 1%
B, PR AT IR 4 R AL

®1 hEMEKRD Na® Mg* .Ca I MEER
Table 1 Na*,Mg*",Ca’" contents in oil field water

Na* (mg/L) Mg?* (mg/L) Ca?* (mg/L) -
K
SCIC #: ICP # SCIC #: ICP ¥ SCIC & ICP &
EMTWE®EK  1.98x10° 2. 26X 10° 77. 4 72.5 2.6 46.2

C KEMBEBEK  1.04x10* 1. 02X 104 178 189 2.16X 104 2.23X10¢

2.2 HiHREEEERE ST
A B R SR AL R R I — R RIS R R B A RS B AR
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FR BRI A 46 TR A MBS ER Eh 09 W & 7 .

2.2.1 mHERWREPLHHREIERE .

BT BN A R B IR B, AT R M O SR AR D, — M h 100pl £ . BEROFHESKE
% GEH 3~5min WEMT— I HER. RA RO HE BREUBRE ELARER, 8
B THERAESE. E—AMRANRESRRHAEE, ZFERTFTRARIIMRHSIE
254nm < TR, B AR R AP JCHLER B S RO R DR BE A Y T NS B R T A
BERRER I E . PRSP A E BK T 20008, W 5 A MR RR SR 47 4 BS R T3 G ih B R £
i

(D B &G i 50 X 4. 6mm A8 -F 38 4k 3 3 AH . B 8%/0. 125M NaH,PO,
(60/40) ; LK : 1. Oml/min ; K I 8§ : 5 oh KM 254nm; FERERE : 1pd,

(2) W Xt E B B KR YRR AT R AL A LR R R SR Y 100 BAMEE
AEFT T AT, HPZ — W R4 BB AR 140 X 8mm; I 7 E [T AD 10. Og; MR i ¥ -
1. 0% A MG R EL (P E BB B i (L 2 HF R & ) » 4. 0% R R /KW s 3% : 0. 15m1/min,

(3) R KR IFR)E 30min AWARR L . TF 4 & BT BCRE 200, SURE R W , EL 3
TP A R ALK B B E N k. RE G R AR TN E S R E 2.

®2 BN 6 P 7 e A R 00 R

Table 2 Petroleum sulfonates concentrations in effluents at different times

BORERS ] (min) 30 33 35 38 41 44 47 50 55 60 65 70 75 80 95

W E(mg/L) 0 0 0 0 434 1179 2316 2983 5258 7375 8865 9336 9552 9552 9650

2.2.2 FHPREBAHRERIENIE

SRAL KBS A &H A MR EMER, REMFEHPSEE RO G MR
tho MIE B TR E R, 7 PEYY K DR 84 B R R R A 25 0 TR ALK .

KBIFME L, 24 A MR ELAY I & H R W ME . 25 FLE %R B B B AR 2 k0, R
LA B £ T 1R BER A9 1R 22 . 5 ) C B OL M R OB (R0, KB & “HE 5 7
LAy fo i, TR EMWE . Nk, RINE Y T S48 MG,

(D REMFEAR GERAERGOELFR. RRPA Co AR 7328 MiR .
HEFE IS o KRN B RE AR S B Sh AR I , o R 40 DR T 4R B9 7E IR AR AE b 1 B RN A A R R ER U
ERAHAE 3 EAGRE B APAR F3cHtE 6, W1 JE Ml 4 B B R0 8. REW
L 3 AH B A NaH PO, W, FIETUIH IR 2 f1 5, (S AE 55 8% 4 AR 7358k, A 5]
AT AT BRER IR H K '

(2) il RF  RARKE:50X 4. 6mm REBME , 1% Cip-EERE A M AR 733 #ekE 150
X 4.6mm REME, AR F®EM; FaH: A BHHB/K=60/40; B ¥ N F ®/
0. 125M NaH,PO,=60/40; #i# : 1. Oml/min; V) ¥ R 8F 8] . FRES Imin; ok X RS
k. BEEHAN A W MIE 4min SRR, BB RERS O dmin A BIAEWCN 98 %0849 B W, F v
¥k 6min; KM 8% . UV-254nm,
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1— WA 2.5— Nl I 3— RAHKE ;4 — 5 B8 1— 2 BB M AL, 3— WAL

S—BIM T RBAE ;TR Fig. 2 Separation of petroleum

Fig. 1 Schematic diagram of sulfonates from crude oil

multi-dimensional HPLC

(3) SEHEHT O T 45 1T B 2R T 15 1 5] 3K v ) (B R SR B R, X IR K L E
T B RIT R BT FEBe B B 14 AR SR B9 K AR UL AR AT AR o Y 2 L SR BR 2 45 Y R £
H &R HIHT TRE. & 3NN ETHMEIRTF A RRER DTSR, BRESY 96%
~109%. RYPHEREIF. :

83 RhkERPLERBMENORESR
Table 3 Quantitative determination of petroleum sulfonate in flooding systems

B A L H i 4l L # BROHX E

SO AR SR T RREE ARGRR BB DUBE SR MEEL BBL DU BRE wrE X
% @ (ml) (mg/LXmg/LXmg/L) (ml) (mg/L)(mg/LXmg/L) (ml) (mg/L)(mg/L) (mg/L) (&) (%) (%)

10.428 3.2 1.9X10° 48 1.9X10° 5.4 7.3X10* 975 7.4X10* 1.4 4.0X10° 410 4.4X10%°0.412 —3.796.3
20.428 3.2 1.9X10% 58 1.9%X10% 5.4 7.6X10% 945 7.7X10* 1.4 4.1X10° 476 4.6X10°0.418 —2.3 98
30.428 3.0 8.3X10° 108 8.4X10° 5.6 7.5X10* 1040 7.6X10* 1.4 4.0X 10> 448 4.5%X10%0.447 4 104
40.343 3.5 1.5X10* 318 1.5X10* 4.6 6.6X10* 795 6.7X10* 1.9 3.7X10% 297 4.0X10°0.376 9 109
50.343 3.4 2.3X10* 523 2.3X10* 4.6 5.9X10* 635 6.0X10* 2.0 3.3X10% 336 3.6X10°0.361 5 105
6 0.30 3.4 4.2X10° 67 4.3X10° 4.4 6.1X10* 659 6.2X10* 2.2 3.5X10° 345 3.8X10%0.293 —2.3 98

2.3 RARBRERHAE

MATET R, iR R, RSB K ERMA ISk 2 RIEE“BEEH.
KR, ERERNBBRKEREA — M E, SN KSEANRMH, EEER%
IR AR, 2 k. B, AR B A, i B I A () B AL A4 3 P A B vk B skt
SAE,

2.3.1 FahEsawE
UL SEE S 3 BT (FLA) RAE R BUBUAH € A Hy 2Rl b A SR R A — PRI BRI K9 53 47
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. Fig. 3 Schematic diagram of flow injection analysis equipment
RIS 5 T R KR A R
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2.3.2 EREEEHE
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Fig. 4 Plot of polyacrylamide flow injection analysis I RABBE 2 AWM+ IET B+ S

Fig. 5 Separation of polyacrylamide from

petroleum,alcohol and inorganic salt
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FHRNBBEAERSEARE—NH.

(1) i EAE A% 150X 4. 6mm RERE , NEEETRER S HAEER R E R
5um, FL 12 & 200A; i 3h 4 . B B%/0. 5M NaH,PO, = 40/60; ifi # : 1. Om]/min; K ] 2§ . UV-
213nm; FEREE R 10pl,

FEERRG T RABBKS KA R PG meiseeE. . R L83 R 4T
B, SRWE s, WH, YA WMBEEREE. R, PR, ELE S IRBERR L7 B R WK B
43 58 % 1000.1000,6000,20000,10000mg/L B, 34 T B P94 B e i) 0 5 .

B/ R R 1mg /L RYEN B R 1~150mg/L; EWELE 97. 3% ~100. 5% Z 6.

(2) LR MRHHAR PR NSBEAIREHRHT TE . HRIER 4.

R4 BHRABIRABBRRHAUEER

Table 4 Quantitative determination of polyacrylamide in adsorption test

W o» RFR B KE (mg/L) L@ xR
] B W e (mg/g W)
@ " M W — %>
A B A B OB
100 33 35 0. 34 0.33 0.335 1.5
500 152 150 1.74 1.75 1. 745 0. 29
2. 0000 1000 640 670 1. 80 1. 65 1. 725 4.3

1500 1045 1080 2. 20 2.10 2.190 4.1

2000 1390 1340 3.05 3. 30 3.175 3.9

FF A B R BREH S 50 R R B R . MR ETE 4. 302 N, R
WTER R AR

2.4 BANIEBIEVRERE

HEREEEAEMERT S —BEEAS. SESYHMLIEARR, EF2EE=1H
B, FRATERSL T I YR R 2R R R B A4 B A SO R XK R B T R T E .
Wl 52 TP AR AN AR R A BERT L 0 T BRI PR 414 I T SE R K ZEBCE TR R 2T
F. KPS A WEERLE . TV R A B RS TR A T Y B E 0 R AF T AR BT
AR 9 Bl 7 B 6 W 5
2.4.1 BR{EPHE

ERERFBESPMA 1oml K, RN RD EZT2RE. WMA—ERK NaCl BH.,
BESR, MR AN. BE AR S~6 K, EHKHMIKRE, MA—EBH AR
W, AT BT .

2.4.2 BiEH

o, i 4% . SE-54 3 SCOT 4%, 0. 26mm X 44m; & B . KL E 150 C, AR 140C, K il 8%
200°C ;B : N, 15cm/s ; Ky il 38 . FID s EREAR R 1ped; PR - M8 1E T BB IE C BE.
2.4.3 TR

WA B TR om0 XCo A C W BRBRVIE s A, ) BEBE A W B2
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Aw INPREHETE R Cow AN IRBIWEE
2.4.4 ZTHLSH
28 MO LIS AL U L X L AR K2 A T 1T A B R T R I A e B A R LB S AT T
SHT. R EITRER B M8 RIS ., BIUE R 90. 0% ~99. 8%, MHXTRZELE 3K AN,

*s5 EhRPRANBERNAE
Table 5 Quantitative determination of polyacrylamide in flooding systems

ET kb M ® M F % we mx
F
& B &E Kk MEE M Mtk BOKE &M Mk BORE am MBS B
2
. AROE B it B # B g #
7

(mg) (pg/mD(ml)  (pg/ml) (mg) (ml) (pg/ml) (mg) (ml) (pg/mD) (mg) (mg) (%)
1 500 7000 3.2 1.47x10% 47 5.4 6.54x10% 353 1.4 3.57X10* 50 450 —10
2 450 7000 3.2 1.34X10* 43 5.4 6.74X10% 364 1.4 2.14X10* 30 437 —2.9
3 400 7000 3.0 1.70x10* 51 5.6 5.41X10* 303 1.4 2.79x10* 39 393 —1.8
4 400 7000 3.5 1.77X10* 62 4.6 5.89x10* 271 1.9 3.47X10* 66 399 —0.3
5 350 7000 3.4 2.50X10* 85 4.6 4.35X10% 200 2.0 3.00x10* 60 345 —1.4
6 350 7000 3.4 2.79X10%* 95 4.4 4.16X10% 183 2.2 2.91X10* 64 342 —2.3

3 75 1'%

HHEREREFEMEMAFROFTE, BT O MEBEKFERE 7 WKk R o
TR EL R BB A RR M AT i X E R A RE R TR AR FI A
EEZENFRMAGRARPBENRNO LA EET —E0E/M. 48R, HE RSV 5%
WHROBRARR FEEILEFE TS, M AT BB E

£ ¥ X MW

(1] & E . LR B RE ISR RMERE 1. AL . w7 ,1985,2(1):9~20.

(2] i e xr B BRI F @k o AT K i LA T . Wl K2, 1989,6(3) 251~ 255.

[37] Zornes DR, Willhite GP,Michnick M]. An experimental investigation into the use of high pressure liquid chromatography
for the determination of petroleum sulfonates. SPE 6595,1977.

[4] Suffridge FE,Taggart DL. Chemical movement in micellar flooding : Determination of sulfonates and polymers by liquid
chromatography. SPE 6596.,1977.

(57 04545, 8558 BROLA, B3, RUBT 77 - TR 0O A o i o AR A0 7 S P AR . W % 1987,4(4) : 305~ 311.

(6] #ZF BB ERE. AHEME — KRPEEKRG AWM S & FREEEN . 24745 ,1984,12(12):1058~
1061.

[7] Allison JD,Wimberley JW,Ely TC. Automated and manual method for the determination of polyacrylamide and other an-
ionic polymers. SPE 13589,1985.

[8] Beazley PM. Quantitative determination of partially hydrolyzed polyacrylamide polymers in oil field production water.
Anal. Chem. ,1985,57(11):2098~2101.

97 Gharfeh SG,Ahmad MA. Determination of anionic high molecular weight water soluble polymers by size exclusion chro-
matograthy. J. Chromatogr. ,1986,366:343~350.



531 7 TH 1 41k 70 K o A 2R o 5 A 2 0 I 52 O R B R 75

A STUDY ON THE ANALYTICAL METHODS FOR CHEMICALS IN A
SURFACTANT FLOODING SYSTEM

Chen Liren Jiang Shengxiang Liu Xia

(Lanzhou Institute of Chemical Physics,Chinese Academy of Sciences))

Sun Fengyu Zhao Mingfang

(Research Institute of Petroleum Exploration and Development ,Yumen Oil Field)
Abstract

A series of methods to determine oilfield chemicals used in oil recovery were set up . The
alkali metal and alkali earth metal cations in the oilfield water can be separated in 20 and 10
minutes respectively by single column ion chromatography. The pefroleum sulfonate concen-
tration for dynamic adsorption test can be determined by high speed liquid chromatography
with a short column. Only one pl of sample is required for each analysis and 40 samples can
be run in one hour. Petroleum sulfonate in crude oil are measured by multi-dimensional
HPLC. Crude oil ,mono-and di-sulfonates can be separated in 40 minutes. The polyacrylamide
is analyzed by flow injection analysis,using benzalkonium bromide (N-dodecy1-N,N-dimethyl
benzylammonium bromide)as a reaction agent,it's minimum detectable concentration is 25
mg/L. and 60 samples can be analyzed in one hour. The polyacrylamide could also be deter-
mined by GPC. It takes only 5 minutes for each analysis and the minimum detectable concen-
tration is 1 mg/L. The alcohol can be determined by capillary gas chromatography. The mini-

mum detectable concentration is 10 mg/L.

Key words surfactant oil displacement agent chemical agent

monitoring analysis method
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