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SUMMARY

STUDY ON ESTABLISHING THE PROCEDURE FOR DETERMINATION
OF SOME PERFLUOROCARBON (PFC) TRACERS IN GAS SAMPLES FROM
THE OIL RESERVOIR WITH THERMAL DESORPTION METHOD COMBINED
WITH GAS CHROMATOGRAPHY-MASS SPECTROMETRY

Tracer technique is one of the most effective tracking and monitoring techniques, which has been
applied in oil and gas production in the world such as interwell study and residual oil saturation
determination. Chemical tracers were used instead of radioactive tracers due to their safety for the
environment and health. Among them, perfluorocarbon compounds (PFCs) are potential ones for the
gas-tracer technique in the tertiary recovery stage of oil production. In this report, we studied to
establish the analytical procedure for 6 PFC compounds in gas samples from the oil reservoir using
thermal desorption combined with gas chromatography-mass spectrometry and chemical ionization
source (TD-NICI-GC/MS). Gas samples were taken into the Capillary Adsorption Tube (CAT)
containing carboxen 569 for thermal desorption and analyzed on gas chromatography-mass
spectrometry. The detection limit of this procedure was at fL/L (10" L/L) level. The method will be
applied to determine the PFC content of gas samples from some of Vietnam’s oil reservoirs.

Keywords: perfluorocarbon compounds, PFCs, TD, NICI-GC/MS, gas-tracer technique

1. MO PAU nhiing tmg dung phd bién nhét [1,2,3].

Phuong phap danh ddu duogc sir dung nhu mot Khi heli (He) dugc thir nghiém lam chit danh
cong cu thuc nghiém dé khao sat dong chay va déu déu tién trong khi mo6 dau tir nim 1946 [2].
moi truong dong chay di qua. Ngoai linh vuc Tuy nhién He di khong duoc tiép tuc st dung
mdi trudng, khao sat mo dau khi 1a linh vuc phd bién sau d6 vi ndng d6 He tu nhién trong
tmg dung rat pho bién va da dang cua cac k¥ mo kha cao (trung binh khoang 160 ppm) do
thuat danh ddu. Cac k§ thuat danh déu duoc n6 1a san phdm cua chudi phan rd phong xa
tmg dung nhidu trén mo trong cac giai doan 25U, 28U va 22Th ¢6 trong cac tang tram tich.
khai thac thtr cap (bom ép nuéc, khi) va trong Céc chit danh diu hoa hoc tiéu biéu da duoc
giai doan khai thac tang cuong (Enhance Oil st dung 1a SFs, cac freon va dac biét 1a cac hop
Recovery — EOR), trong do6 danh dau lién chét perfluorocarbon (PFC) [4, 5, 6, 7, 8]. Céc
giéng khao sat bom ép nudc va bom ép khi 1a chit danh déu khi dang methane, butane gin
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nhan ddéng vi bén Deuterium H-2 hay O-18
cling di dugc sir dung trong danh dau trong
mo, tuy nhién gia thanh chit danh ddu kha cao
[9]. PEC 1a cac cycloalkane c6 gan cic nguyén
tu fluor trong phan tr, dugc sir dung phé bién
trong danh dau khi do c6 nhiéu wu diém nhu
tinh chét dong hoc tuong tu nhu metan, etan,
cb d6 bén hoa va nhiét cao, da dang, ndng do
trong moi truong cuc thip, khong doc, khong
chay, khong &n mon. Bén canh tinh tro, cac
PFC dugc xem la chit danh dau tiém ning vi
chung c6 ai lyc 16n ddi voi electron, dan dén
viéc co thé phan tich cac hop chit nay bang
dau do biy dién tir (ECD) hodc dau do khdi
phd (MS). Céac PFC khoéng doc va it can phai
xir Iy méi truong nhu cac chat danh dau phong
xa. So vdi cac freon va cac hydrocarbon khac
khi dét chay c6 xuc tac, cac PFC bén, 6n dinh
va khong bi thay dbi néu nhiét do khong qua
cao. Do tinh bén nhiét nén co thé han ché duoc
sw mat mét cua chung trong mé do su bién dbi
thong qua cac phan mg hoa hoc. Cac thong sd
vat 1y ciia mot sb PFC tiéu biéu duoc trinh bay
trong Bang 1.

Niam 1983, phong thi nghiém Qudc gia
Brookhaven (M¥) da c6 nhiing nghién ctru kha
ning sir dung cac hop chat PFC lam chét dénh
dau trong khi quyén, 6 nhiém khong khi, dia
chit va mo dau véi do nhay cuc thép dén
femtogram trong mau khong khi [10, 11].
Ngay nay, PFC tro thanh chat danh ddu hoa
hoc rit phd bién dé khao sat cac qué trinh bom
¢ép khi trong mo dau nho tinh bén nhiét, do
nhay cuc thap (10”2 L/L) bang quy trinh lam
gidu va phan tich trén hé sic ky khdi phd
GC/MS. Vao nam 1991, Senum va cdng su da
tién hanh bom ép khi sir dung chat danh diu
PFC vao mé Shallow Oil Zone dé khao sat su
vén chuyén cuia khi bom ép. Mau khi dwoc hip
thu qua 6ng thiy tinh chira 60mg carbon hoat
tinh, loai bo anh hudng cia cac hydrocarbon
khéi luwgng phan tir 16n va phan tich trén
GC/ECD. Tuy nhién quy trinh phan tich nay
can nhiéu giai doan, hé xir Iy mau phirc tap va
thu cong [11].

Thiét bi giai hip nhiét (TD) c¢6 chirc ning giai
hap chat phan tich di dwoc bat giit trong 6ng
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ldy mau c6 chtra chét hap phu phu hop va
chuyén chat phén tich & dang hoi vao may sic
ky khi. Thiét bi sic ky khi khdi phd sir dung
ngudn ion hoa héa hoc (NICI-GC/MS) thudng
dugc str dung dé xac dinh va dinh luong cac
hop chit co 4i luc dién tir cao nhu nhém
halogen. Vi¢c phan tich cac hop chét PFC st
dung thiét bi t6 hop TD véi NICI-GC/MS da
duoc nhiéu tic gia nghién ctru 4p dung trong
khdo sat mé dau. Nam 1999, Galdiga va cong
sw da phat trién quy trinh phéan tich chit danh
dau PFC trong mo dau bang phwong phap TD
két hop phan tich bang NICI-GC/MS, gidi han
phat hién dat 42 fL/L. Quy trinh nay thyc hién
don gian hon cac quy trinh trudc day phan tich
trén GC/ECD do khoéng can dot chay
hydrocarbon, phuong phap c6 d6 lap lai tdt
trong khoang noéng d6 10 dén 102 L/L [12].
Nam 2016, White va cong sy da (mg dung chét
danh dau PFC cung véi CO: trong bom
nuée/khi luan phién (WAG) 6 moé dau
Farnsworth, Texas. Mau khi dugc 1iy vao 6ng
hip thu (Capillary Adsorption Tube —CAT)
chira carbon hoat tinh va dugc phan tich bang
hé TD-NICI-GC/MS, gidi han phat hién dat 2
fL/L [13].

Tai Viét Nam, chua cé cong bd vé viée st
dung céc chat danh dau PFC trong khao sat mo
dau. Véi muc tiéu phat trién k¥ thuat danh du
lién giéng sir dung cac hop chat PFC tai Trung
tam Ung dung k¥ thuat hat nhan trong cong
nghiép, viéc thiét 1ap quy trinh phén tich dong
thoi 6 hop chat PFC v6i gii han phat hién
thép, do dung va d¢6 lap lai cao 1a can thiét. Cac
két qua nghién ciru 1a co s dé trién khai ky
thuat danh du khi phuc vu viéc khai thac va
ché bién dau khi & Viét Nam.

2. NOQI DUNG THUC NGHIEM

2.1. P6i twong nghién ctru

06 hop chat PFC dugc sir dung pho bién trong linh
khai thac dau khi bao &
perfluoromethylcyclopentane (PMCP), perfluoro-
methylcyclohexane ~ (PMCH),  perfluoro-1,2-
dimethylcyclohexane (1,2-PDMCH), perfluoro-
perhydroindane(PFIND), perfluorotrimethylcyclo-
(PTCH),perfluoro-2,4-dimethyl-3-ethyl-
pentane (PDMEP). Nén khi mé str dung trong
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nghién ctru 1 khi moé Su Tir Tréng trong 16 15-
1, thudc bon triing Ctru Long. MAu khi via dau
Ciru Long duge 1y vao cylinder 500mL tai
dau giéng khai thac sau khi qua thiét bi tach
dau va dugc van chuyén vé phong thi nghiém.
2.2. Phuong phap nghién ctru

2.2.1. Thiét bi - dung cu

Thiét bi sic ky khi khdi phé - GC/MS
(7890AGC/5975BMS) vai ngudn ion héa hoa
hoc (CI) cua hang Agilent; Cot phan tich sic
ky HP AL/S 30m x 0,25mm x 5um; Thiét b
giai hip nhiét UNITY-xr ciia hing Markes;
May sinh khi N2; Ong hép thu bang thép khong
gi 89mm x 6,4mm chtra 200mg Carboxen 569
(Markes); Pipet hién sb: 10-100 pL, 100-
1000pL; Binh dinh muc 2, 5, 10mL dat cép
chinh xac A; Cylinder thép khong gi S0mL;
Xylanh thuy tinh 50 mL; Xylanh 1dy mau long
10 pL, 14y mAu khi 1mL.

Carboxen 569 1a vat liéu hap phu ray phan to
carbon c6 kich thudc mesh 16n (20/45 mesh)
gitip giam thiéu ap sudt nguoc trong cac dng
gidi hap va co ai luc thap voi nude. Day 1a vat
liéu chiu dugc nhiét do cao (400°C), can duoc
hoat hoa va tai sinh theo khuyén céo ciia nha
san xuét.

2.2.2. Héa chit

Céc dung dich PFC c6 d¢ tinh khiét > 98% cua
Sigma-Aldrich gdom: PMCP, PMCH, 1,2-
PDMCH, PFIND, PTCH, PDMEP; Dung mdi
hexane, isooctane (tinh khiét phén tich).

2.3. Phuong phap phén tich

2.3.1. Cic théng sé ciia phwong phdp

Céc thong s6 cai dat trén thiét bi TD va
GC/MS duogc trinh bay ¢ Bang 2.

Bang 2. Céc théng sé cai ddt trén TD-GC/MS

Ché d6 cho Dong chia 10mL/phit
Prepurge time 1 phut
Trap in line, trap flow 50mL/phut
TD Tube desorb
Trap desorb 350°C trong 5 phut

Purge time: 1 phut, flow: 50mL/phut, heating rate:
max, nhi¢t d¢ 350°C trong 10 phut.

Nhiét do 10 cot (Oven) 50°C, gilt 0,75 phut, tang 20°C/phut 1én 200°C, giir
20 phut
GC/MS thoi gian phan tich 28,25 phut
Luu lugng khi mang 1 mL/phut
Ché d6 phan tich Phan tich déng dong

Bang 1. Cdc théng s6 vit Iy ciia mot s6 PFC tiéu biéu trong ky thudt danh ddu khi

Tén hoa hoc Viét tit
Perfluoromethylcyclopentane PMCP
Perfluoro-1,2-dimethylcyclobutane  1,2-PDMCB
Perfluoromethylcyclohexane PMCH

Perfluoro 1,2-dimethylcyclohexane 1,2-PDMCH
Perfluoro 1,4-dimethylcyclohexane 1,4-PDMCH
Perfluoro 1,3-dimethylcyclohexane 1,3-PDMCH
Perfluorotrimethylcyclohexan PTCH

Nhiét @@  Nhiét do . oL
Ap suat téi han Pc

s61 Tp t&i han Te
(MPa)
°O) )

48 177,9 2,28
445 170,1 2,13
76,3 210,7 2,02
102,6 235,2 1,89
100,9 235,5 1,89
102,1 235,5 1,89
125,2 257,5 1,74
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2.3.2. Xdc nhdn gid tri si dung ciia phwong
phdp phén tich PFC trong méu khi mé diu
bang TD-NICI-GC/MS

Pé xac dinh d6 chinh x4c cua phuong phap
phan tich PFC trong mau khi mé dau bang TD-
NICI-GC/MS, cac thong sé nhu giéi han phat
hién, d6 dtng va do lap lai duoc xac dinh theo
huéng dan thim dinh phuong phép phan tich
héa hoc va sinh hoc va cac bai bao trong nudc
da dugc xuét ban trén cac tap chi trong nudc
[15,16, 17].

3. KET QUA VA THAO LUAN

3.1. Puong chuin

Pha dung dich chuin géc 102 L/L tir dung dich
chuén tinh khiét trong dung moi isooctane. Céac
dung dich chuan lam viéc ¢6 nong do tir 1072
dén 10 L/L pha trong isooctane tir dung dich
chuan 102 L/L.

Mau khi chudn: 14y 1pL cac dung dich chuin
lam viéc cho vao cylinder 50mL thép khong gi,
nén toi ap suat 50 psi bang khi Na. Nong do
céc chat PFC trong pha khi dwoc tinh nhu cong
thirc sau:

Crp (%}:;%i (1)

Trong d6 n 1a s6 mol; R=0,082; T la nhiét do

mdi truong (298K); P 1a ap sudt cua cylinder

(50psi = 3.4 atm); V. la thé tich cylinder

(0,05L); Véi

Vaard Cigns
X 2

Trong d6 V hatla thé tich chuan long cho vao

50 mol n=

cylinder 50mL (mL); d 1a ty trong cla chat
PFC (g/mL); M 1a khéi lugng phéan tir PFC
(g/mol); C 1ong 1a ndng do PFC trong dung moi
(L/L).

Ly 20mL khi chuan hép thy qua dng hap thu
Carboxen 569 va tién hanh phan tich theo cac
diéu kién & bang 2. Dung duong biéu dién mdi
tuong quan giita dién tich dinh PFC va ndng do
khi PFC theo phuong trinh y= ax + b.

Puong chuan cia 6 hop chat PFC déu c6 gia
tri hé sé tuong quan R2 > 0,995.

49

3.2. Giéi han phat hién

3.2.1. Gi6i han phat hi¢n ciia thiét b

Gidi han phat hién cua thiét bi duoc xac dinh

bang cach dya vao chiu cao tin hidu chat phan

tich trén nhidu duong nén (S/N>3). Gi6i han

phat hién cua thiét bi ddi voi cac hop chat PFC

khéo sat duge trinh bay ¢ Bang 3 déu ¢ khoang

nong do fL/L.

Bdng 3. Gidi han phdt hién cia thiét bj doi véi
6 hop chat PFC da khdo sdt

LOD thiét b,

STT Hop chat (L/L S/N

PMCP 5 6,5

2 PMCH 5 9,2

;L= 5 7.9
PDMCH

4 PFIND 2 5,5

5 PTCH 5 4.4

6 PDMEP 10 4,0

Giéi han phat hién cua thiét bi d6i voi PMCP;
PMCH; 1,2-PDMCH; PTCH la 5 fL/L, d6i véi
PFIND la 2fL/L va PDMEP la 10 fL/L.

3.2.2. Gidi han phat hién (MDL) va gioi han
dinh lwong ciia phwong phdap (MQL)

MDL va MQL cua phuong phap dugc xac dinh
tir 10 1an thi nghiém song song trén mau khi
mé Ciru Long c6 thém chudn & nong do
khoang 5-7 lan LOD thiét bi [15]. Thong
thuong MDL = 3SD; MQL = 10SD. Tinh R =
Xt/MDL. Néu 4 <R<10 thi ndng d6 mau thir
la phu hgp, gia tri MDL tinh duogc 1a tin cdy
[15]; Két qua thuc nghiém dugc trinh bay &
Bang 4 cho thdy gia tri MDL cia cic PFC
khéo st nam trong khoang tir 2-7 fL/L, gié tri
MQL nam trong khoang tir 7-25 fL/L, gan véi
gi6i han phat hién duoc cong b ciia Galdiga
va cong su [12], cua White va cong sy [13].
3.3. bj lap lai

Do lap lai cia phuong phap dugc danh gia
théng qua d6 léch chuén twong d6i (RSD%).
Két qua xac dinh d6 lip lai trong nén khi mo
Ctru Long cta 6 1an phan tich twong tmg duoc
thé hién ¢ Bang 5.



Bang 4. Gioi han phat hién va gioi han dinh lwong ciua phwong phdp

Hop chiat | PMCP, PMCH, 1,2-PDMCH, | PFIND, PTCH, PDMEP,
n fL/L fL/L fL/L fL/L fL/L fL/L
Trung binh 35 40 38 17 18 38
SD 0,0025 0,0018 0,0018 0,0007 0,0008 0,0019
MDL 7 5 5 2 3 6
MQL 25 18 18 7 8 19
R 4,7 73 6,9 8,2 73 6,8
S6 liéu thuc nghiém thu duoc cho thiy quy 4. KET LUAN

trinh phén tich c6 d6 lap lai kha tbt, gia tri do
léch chuan twong ddi cua cac chat déu nho hon
12% & cac khoang nong do da khao sat. So véi
yéu cdu theo tiéu chuén cia AOAC & mirc
ndéng d6 ppm va ppb, quy trinh dap tmg tot vé
do lap lai [15].
3.4. D9 ding
b6 ding cta phuong phap dugc xac dinh thong
qua do thu hdi va dugc tinh theo cong thirc

HYm S "G

Cm
Trong d6: H 1a Hiéu suét thu hoi (%); Cmec 12
nong do chat phén tich trong mau thém chuan,
(fL/L); Cm 12 ndng d6 chit phan tich trong mau
thir(fL/L); Ce: ndng d6 chuan thém vao, (fL/L).
Két qua phan tich xac dinh d¢ dung bing
phuong phap tinh hiéu suat thu hoi trén nén khi
moé Ciru Long dugc thé hién ¢ Bang 6.
Bang 5. B¢ lap lai va hiéu sudt thu héi ciia 6

hop chat PFC di khdo sdt
R S
1 PMCP 40-5000 7-11  73-116
2 PMCH 40-5000 2-7  81-114
3 12-PDMCH 20-5000 4-7  90-113
4 PFIND 5-5000  3-6  81-104
5 PTCH 20-5000  4-5  76-111
6 PDMEP 40-5000  2-5  94-110

Két qua thu dugc cho thiy hiéu suat thu hdi
clia 6 chat PFC dao dong tir khoang 73-116% &
khoang ndng do khao sat tir 5-5000 fL/L.
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Nghién clru da xay dung quy trinh phéan tich 6
hop chit perfluorocarbon béng phuong phap
giai hap nhiét két hop sic ky khi khdi phd sir
dung ngudn ion hoéa hoa hoc (TD-NICI-
GC/MS) c6 gidi han phat hién 2-7 fL/L (107
L/L) véi d6 lap lai RSD <12% va hi¢u suit thu
hoi t6t (73-116%), do 6n dinh va do tin cay
cao. Két qua nghién ctu 1a tién dé cho cac
nghién ctru khao sat hé sb phéan bé, khao sat su
van dong cac chat PFC trong mdi truong rong
x6p bdo hoa dau nhim danh gia kha ning sir
dung céc chét PFC trong ky thuat d4nh du khi
trong giai doan thu hoi dau ting cudng.
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