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SUMMARY

VALIDATION OF ANALYTICAL METHOD FOR BENZYL ALCOHOL
COMPOUNDS IN OIL PRODUCTION WATER SAMPLES USING GAS
CHROMATOGRAPHY-MASS SPECTROMETRY

In this study, a procedure to simultaneously analyze three benzyl alcohol compounds including 2-
fluorobenzyl alcohol (2-FBOH), 2,6-dichorobenzyl alcohol (2,6-DCIBOH) and 3,4-difluorobenzyl alcohol
(3,4-DFBOH) in produced water samples was developed for the application in a partitioning inter-well
tracer test to determine residual oil saturation (S,) in oilfield production. The sample was passed through a
solid phase extraction column, then the column was dried under vacuum and flushed with 5 mL of
acetonitrile. The obtained acetonotrile extract was measured on a gas chromatography-mass spectrometrer
(GC-MS). The analytical method met AOAC requirements for detectability, recovery and repeatability.
Depending on each benzyl alcohol compound, the limit of detection (LOD) of the method was in the range of
7 —10 pg/L, the limit of quantification ( LOQ) ranges from 24 to 32 g /L, recovery was achieved from 90 to
110% and the relative deviation values of (RSD) was below 9%.

Keywords: benzyl alcohol compound, 2-Fluorobenzyl alcohol, 2,6-Dichorobenzyl alcohol va 3,4-
Difluorobenzyl, produced water sample

1. PAT VAN DE phan b 1a mot phuong phap duge danh gia co thé
cho wéc luong vé bio hoa dau du trong ving quét
clia nude bom ép tir giéng bom dén cac giéng khai
thac [1-4]. Cac hop chit benzyl alcohol dugc xem
la chat danh déu phan bd c6 tiém ning cho k¥
thuat danh déu lién giéng.

Trong cong nghé khai thac diu mo, c6 nhiéu
phuong phap khac nhau dé danh gia lai phan bd
trit lugng khai thac diu. Dién hinh 13 phuong phap
danh du st dung chét phéng xa hodc hda hoc tir
lau dugc vng dung rong rii trong khao sat mé dau
Cic hop chit 2-fluorobenzyl alcohol, 2,6-
dichorobenzyl alcohol va 3,4-difluorobenzyl

khi, gitip cung cap nhiéu thong tin quan trong nhu
su lién thong giira cac giéng bom va giéng khai

thac. Ngoai ra, c6 hai k¥ thuat danh dau dugc ap
dung trong danh gia dau du bio hoa gdm Panh
du don giéng (Single Well Tracer Test — SWTT)
12 phuong phap do dau du trong ving cin day
giéng va Panh diu lién giéng (partitioning
interwell tracer test - PITT) sir dung chit danh déu

alcohol ¢6 cac nhom thé halogen gin véi nhén
thom lam tang d¢ 6n dinh va do bén nhiét cua
phan tir benzyl alcohol. Do tinh bén nhiét nén c6
thé han ché duoc sy mit mat cua chung trong mo
do su bién d6i thong qua céc phan tmg hoa hoc.



Dugstad va cong sy (2011) dd tién hanh thu
nghiém 6 chét phan bd fluorobenzyl alcohol va
chat khong phan bd 2-fluorinated benzoic acid
trong khao sat bao hoa dau du lién giéng & mo
Lagrave (Phap). Nhom tac gia da su dung quy
trinh xtr Iy mau qua cot chiét pha rin SPE d¢ ting
d6 nhay [5]. Két qua cho thiy cc chat nay hoat
dong rét t6t, cho két qua bio hoa dau du kha tuong
dong tir 19% dén 25% & khu vuc khdo sat.

Niam 2016, Jessheim va cong sy ding ky bang
sang ché gioi thidu kha ning ung dung cic chat
danh déu fluorobenzyl alcohols trong miu nudc
khai thac dau trén thiét bi GC-MS/MS. Két qua
nghién ctru ¢6 do nhay cao, khoang dudi pg/L [6].

Dén nam 2020, Silva va Tor Bjornstad da phat trién
phuong phap phan tich dé dong thoi xac dinh cac
hop  chiat  4-chlorobenzyl  alcohol,  2,6-
dichlorobenzyl alcohol, 4-methoxybenzyl alcohol,
3,4-dimethoxybenzyl alcohol, pyridine va 2,3-
dimethylpyrazine trong nuéc khai thac bang sic ky
khi két hop khdi phd hai 1an (GC-MS/MS). Két qua
nghién ctru cho thiy, cdc chat danh diu méi khi
phan tich trén thiét bi GC-MS/MS cho do nhay cao
(khoang tir 0,080 dén 0,35 ug/L), hiéu suit thu hdi
cao (trén 85%) va do 1ap lai tot (RSD < 13%) [7].

Tai Viét Nam, chua c¢6 cong trinh nghién ctru nao
dugc cong bd chinh thirc vé viée st dung cac chét
danh ddu benzyl alcohol trong khao sat mo dau.
Muc tiéu cua bao cao nay la xay dung phuong
phap phan tich dong thoi 3 hop chat 2-
fluorobenzyl alcohol (2-FBOH), 2,6-
dichorobenzyl alcohol (2,6-DCIBOH) va 3,4-
difluorobenzyl alcohol (3,4-DFBOH) cé trong
nudc khai thac dau bang k¥ thuat chiét pha ran va
phén tich trén sic ky khi kh6i phé GC-MS véi do
nhay khoang pg/L. Quy trinh phan tich dugc khao
sat nham phuc vu cho k¥ thuat danh déu lién giéng
xac dinh bdo hoa dau du tai Trung tim Ung dung
ky thudt hat nhan trong cong nghiép.

2. THUC NGHIEM

2.1. Thiét bi, dung cu

Thiét bi sac ky khi khdi ph6 (7890A GC/ 5975B
MS) cua hing Agilent va phin mém xir Iy
Qualitative analysis 10.0; Cot phan tich sic ky
HP-5 (30 m, 0,32 mm, 0,25 mm); Céc thiét bi
khéc: Can phan tich Mettler Toledo c6 d nhay 10

g; Cot chiét pha rin Phenomenex Strata X; Bom
nhu dong (dung trong quy trinh chudn bi mau);
Céc dung cu co ban cta phong thi nghiém.

2.2. Hoa chat

Céc chat chuan cia Sigma-Aldrich gom: 2-
fluorobenzyl alcohol; 2,6-dichlorobenzyl alcohol,
3,4-difluorobenzyl alcohol; noi chuan (IS): 3.4
dimethoxybenzyl alcohol; dung méi acetonitril,
methanol (tinh khiét phan tich). Dung dich chuén
gbc 2000 mg/L 1a hdn hop cua 3 chit chuin 2-
FBOH; 2,6-DCIBOH; 3,4-DFBOH dugc pha trong
dung moi acetonitril. Dung dich chuan ndi dugc
pha & nong d6 100 mg/L tir chuin gbc 3,4
dimethoxybenzyl alcohol trong dung mdi
acetonitril. Cac dung dich chuén 1am viéc 1a hdn
hop duoc pha tir dung dich chuan gbc cua 3 hop
chét 2-FBOH; 2,6-DCIBOH; 3,4-DFBOH c6 nong
d6 tir 0,5 mg/L dén 50 mg/L va IS ndng d6 1 mg/L
trong dung méi acetonitril.

2.3. Lay mau, chuan bi mau va bao quan mau

Mau nude khai thac dau 1a nén nudce c6 dd mudi cao
tuong dwong voi nude bién, ngoai ra nd con co cac
thanh phan hydrocarbon cao ton tai trong mé dau, vi
viy nén mau thuong kha phuc tap. Mau duoc thu
thap tir via Mioxen mo Bach Ho theo thoi gian 2 tuan
mot lan tir thang 1/2024 dén thang 4/2024. Cac mau
nudc khai thac sau khi ldy dugc dua vé phong thi
nghiém, bao quan & nhiét do 4°C + 2°C.

Quy trinh chudn bi miu sir dung cot chiét pha rin
SPE Strata X c6 chat hip thy polyme véi kha ning
lam gidu mau cao, gitp loai bé anh hudng cua cac
chat gay nhidu trén nén nudc khai thac dau khi.
Quy trinh thyc hién dé dang ty dong hoa, phu hop
v6i phan tich sic ky va giam lwong dung moi st
dung so véi phuong phép chiét 1ong- 1ong.

Quy trinh chudn bi mdu nhw sau:

Ly 200,00 mL miu nudc khai thac sau khi loc
qua gidy loc bang xanh thi thém 0,05 mL chuén
ndi 3,4-dimethoxybenzyl alcohol ndéng do 100
mg/L rdi cho miu qua cot SPE Strata X di duoc
hoat hoa bang methanol va nudc cit. Sau do, rira
cot béng 3,00 mL nudc cét, déy phﬁn nudce con lai
trong cot va thoi kho cot bang bom chan khong c6
gin voi 6ng CaSO, khan trong 30 phit. Tiép dén,
tién hanh giai hap cot bang acetonitril, dinh mirc
dung dich sau giai hap vé 5,00 mL. Mau dugc loc



qua mang loc 0,45um va phan tich bang sic ki khi
khdi phd.

2.4. Xac lap cac thong so ky thuat cia thiét bi
GCIMS

Céc thong s6 thiét bi GC/MS phan tich 3 hop chat
benzyl alcohol va chuan ndi cu thé nhu sau:

Khi mang: Heli

Téc d6 khi mang: 1,5 mL/ phat
Thé tich bom mau: 1 pL

Chuong trinh nhiét: 60 °C (1 phat) ting 25 °C/

phut 1&n 280 °C (15 pht)
Nhiét ¢ detector: 280 °C
Ché d chia dong: 1:5

SIM (126, 97; 77, 113;
144, 123; 168, 139; m/z)

Ché d6 quét pho:

2.5. Ciac thong sé xac nhén gia tri sir dung ciia
phwong phap

Dé thim dinh do chinh xac ciia phwong phap phéan
tich 3 hop chit benzyl alcohol trong miu nudc
khai thac dau, cac théng sb nhu do dic hiéu, do
chon loc, khoang tuyén tinh, gidi han phat hién, do
thu hdi va 6 chum duoc xéac dinh theo huéng dan
trong cac tai liéu ISO 17025: 2017 va AOAC 2016
[9, 10].

Gi6i han phat hién (LOD) va giéi han dinh lugng
phuong phap (LOQ) duoc xac dinh bang cach
thém chuén & ndng do thap cia 3 hop chét benzyl
alcohol trén nén nudc khai thac dau. Nong do chit
phan tich tuong tng véi ti 1é tin hiéu trén nhiéu
nén S/N=3 14 gii han phat hién ctiia phuong phap
phan tich. Thyc hién phén tich song song 10 lan dé
xac dinh LOD va LOQ cua phuong phap. Thong
thuong LOD = 3SD; LOQ = 10SD. Tinh R =
X+g/LOD. Néu 4 < R < 10 thi nong d6 mau thir 1a
phu hop, gia tri LOD, LOQ tinh dugc 1a tin cdy.

Do thu hodi, d6 chum cua phuwong phép duge xéac
dinh bang cach thém chuin & cac mirc ndng do
khéac nhau vao nén miu nudc khai thac dau khong
chira 3 hop chit benzyl alcohol va tién hanh nhu
quy trinh.

Két qua d6 thu hdi dwoc tinh theo cong thirc sau:

C
R=_" 100

Cspike (1)

Vi R 1a do thu hdi (%); Cobs 1a ndng do trung
binh cua cac gia tri quan sat (ug/L); Cgpike 12 nong
d6 cho thém vao mau (ug/L).

Do chum cua phuong phéap 1a mirc dg phan tan cua
cac két qua thir nghiém riéng ré& clia cing mot mau
ddng nhat dwoc phan tich ldp lai nhidu lan trén
cung mot phuong phap thir & cac khoang thoi gian
khac nhau gém cé do lap lai va do tai lip trung
gian. Do chum dugc danh gid thong qua do 1éch
chuan tuong d6i (RSD%).

3. KET QUA VA THAO LUAN
3.1. Do dac hiéu va do chon loc

Ap dung cac diéu kién phan tich néu ¢ muc 2 dé
phan tich hdn hop chuin benzyl alcohol nong do
50 pg/L trong nén nudc khai thac dau, tin hiéu thu
dugc khi phan tich trén GC/MS cho thiy ning
lwong phan manh cac ion lan lugt 1a 2-FBOH (
126, 97 m/z); 3,4-DFBOH (144, 123 m/z); 2,6-
DCIBOH (77, 113 m/z). Cac manh nay trung khop
v6i phd chudn co sin trong thu vién phd cua phan
mém xir Iy Qualitative analysis 10.0. Ddng thoi
nhom nghién ctru da khao sat anh huong cta nén
mau trong qua trinh phéan tich bang cach so sanh
méu chuan va mau thém chuan trén nén nudc khai
thac ¢ ciing mdt nong do. Két qua cho thiy cac
dién tich pic cia mdi ion lan Iugt trong dung dich
chuén va dung dich thém chuan vao nén miu sau
khi xtr 1y phd tuwong ty nhau dwoc thé hién & Hinh
1. Piéu nay ching to quy trinh khao sat c6 do dic
hiéu va do chon loc cao, phu hop véi quyét dinh
657/2002/EC cua Chau Au [8].

3.2. Puong chuin

Khoang tuyén tinh giita ndng d6 va dién tich pic
cia 2-FBOH; 2,6-DCIBOH; 3,4-DFBOH duogc
xac dinh nam trong khoang: 0,5 + 1000 mg/L.

Puong chuan biéu dién mbi twong quan giita dién
tich dinh (y) va ndng do (X) cta cac chat 2-FBOH:;
2,6-DCIBOH; 3,4-DFBOH theo phuong trinh (y=
ax + b) & cac ndng d6 0,5; 2,0; 5,0; 10; 20; 50
mg/L.

Phuong trinh hdi qui ctia timg chat phan tich dwoc
thé hién trong Hinh 2. Két qua cho thiy duong



chuén ctia 3 hop chit 2-FBOH; 2,6-DCIBOH; 3,4-
DFBOH ¢ nong d6 0,5 + 50 mg/L déu c6 gia tri hé
s6 twong quan R? > 0,995, hoan toan phu hop so
v6i yéu ciu theo tiéu chuén cia AOAC (R? >
0,990) [9, 10].

3.3. Giéi han phat hién (LOD) va giéi han dinh
lwgng (LOQ) cia phwong phap

Thém hdn hop 3 chit chuin benzyl alcohol & nong
d6 40 pg/L trén nén mau nudc khai thac dau
khong chita chat cin phén tich. Thuc hién phén
tich song song 10 lan dé xac dinh LOD va LOQ
clia phuong phap. Két qua thuc nghiém dugc trinh
bay ¢ Bang 1 cho thiy tiy timg hop chit benzyl
alcohol, LOD cua phuong phap dat 7 — 10 pg/L,
gia tri LOQ nam trong khoang tir 24 — 32 ug/L.
Gidi han phat hién ctua phuong phap dé xuit phu
hop cho viée x4c dinh cac hop chit benzyl alcohol
trong mau nude khai thac diu bang phuong phap
SPE-GC/MS. Két qua twong dong voi gisi han
phat hién duoc cong bd cua cac tic gia Jessheim
va cong su [6], Silva va cong su [7].

3.4. P§ chum

Két qua xac dinh d6 chum ctia phuong phép duoc
thé hién ¢ Bang 2. SO lidu thyc nghiém thu dugc
cho thiy quy trinh phan tich c6 d6 chum kha tt &
3 ndng d6 khac nhau, sai s6 trong ddi cta cac chat
nhd hon 9 %, gﬁn v6i d¢ chum dugc cong bd cua
Dasgupta, A. va cong su [11], cua Silva va cdng
su [7].

3.5. P§ thu hoi

Két qua phan tich xac dinh d6 thu hoi ciia phuong
phép duoc trinh bay trong Bang 3. Két qua cho
thiy do thu hdi ctia quy trinh phan tich tuong d6i
én dinh & cac néng d0 khac nhau, dao dong trong
khoang tir 90 dén 110%, gan véi d6 thu hdi dugce
cong bd cua Silva va cong su [7].

Bang 1. Két qua xdc dinh gidi han phdt hién va
gioi han dinh lwong cua phuwong phap

Chat Nong d9, pg/L
STT DCZIS-OH 2-FBOH | 3,4-DFBOH
1 39,3 42,5 39,4
2 35,0 38,0 42,7
3 37,8 38,3 36,8
4 40,9 43,1 39,5

5 40,2 41,9 41,8

6 38,1 39,2 39,2

7 43,5 39,4 443

8 34,4 43,8 36,3

9 41,7 39,4 41,5

10 40,3 44,1 46,5

TB 39,1 41,0 40,8
SD 2,9 2,3 3,2
LOD 9 7 10
LOQ 29 24 32
R 4 6 4

4. KET LUAN

Nghién ciru da xay dung quy trinh phan tich 3 hop
chat 2-Fluorobenzyl alcohol, 2,6-Dichorobenzyl
alcohol va 3,4-Difluorobenzyl alcohol c6 st dung
chuén noi 3,4-dimethoxybenzyl alcohol trong miu
nude khai thac dau bang phuong phap chiét pha rin
va sic ky khi khdi phd (SPE-GC/MS). Két qua
danh gia phuong phap thu dugc gia tri gidi han phat
hién trong khoang 7 — 10 pg/L véi d6 chum RSD <
9% va hiéu suét thu hoi dat dugc 90 — 110%, d 6n
dinh va do tin cay cao. K&t qua nghién ctru phi hop
voi cong bd ciia cac nhom tic gia Dasgupta, A. va
cong su [11], Silva va cong su [7]. Pay 1a tién dé
cho viéc nghién ctru va tng dung cac chat danh diu
phan b6 thudc nhom benzyl trong danh dau lién
giéng x4c dinh bao hoa dau du trong giai doan khai
thac thu hoi dau ting cuong.
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Chuén 2-FBOH 50 ug/L
2-FBOH a)

2-FBOH 50 pg/L trén nén méu

2-FBOH b)

Chuén 3,4-DFBOH 50 ng/L

3,4-DFBOH

3,4-DFBOH 50 pg/L trén nén mu

3,4-DFBOH

Chuén 2,6-DCIBOH 50 pg/L

2,6-DCIBOH

2,6-DCIBOH 50 pg/L trén nén

2,6-DCIBOH

Hinh 1. Sdc ki d6 ciia 3 chat chudn benzyl alcohol 6 nong dé 50 ug/L trén GC/MS. a) trong nén nudc cat; b)
trong nén niede khai thac dau
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ResponseFatio 3.4-difluorobenzyl alcohol

2,6-dichlorobenzyl alcohol

Coef of Det (r"2)=0.55%4 CurveFit: Linear

Coef of Det (r"2)=0.55%85 CurveFit: Linear

Coef of Det (r'2)=0.5584 CurveFit: Linear
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Response=1.3162+004 * Amt- 1.133+003 Response=1.2912-004 * Amt- 368422003 Response=1.2222+004 * Amt— 14532004

Hinh 2. Puwong chudn 03 hop chdt 2-FBOH; 3,4 DFBOH; 2,6 -DCIBOH ¢ khodng nong dé 0,5-50 mg/L.
Bang 2: Két qud xdc dinh dg chum ciia phirong phép

bo lap lai, n=7 bé tai lap, n=6
Nong Nong
STT | Tén chat 40, |Cre,Mg/lL| SD |RSD,% | dd, | Crs pg/L | SD | RSD, %
po/L po/L
30 30,8 2,3 75 50 50,1 4,5 9,0
1 2-FBOH 125 123 4,8 3,9 125 124 5,8 4,7
500 473 14,5 31 500 475 15,5 3,3
30 28,1 1,4 5,0 50 48,8 3,4 7,0
2 3,4-DFBOH 125 123 3,3 2,7 125 122 3,8 31
500 509 14,4 2,8 500 509 16,8 3,3
30 29,1 1,5 5,2 50 49,6 2,3 4,6
3 | 2,6-DCIBOH 125 125 4,6 3,7 125 124 5,3 4,3
500 501 7,2 1,4 500 501 10,2 2,0
Bdng 3. Két qua xdc dinh ¢ thu hoi cia phirong phap
Tén miu p,cg:;nL E;’;te 1 (2: obs HO/L 3 TB SD ROS/OD’ H, %
30 31,6 33,8 30,5 32,0 1,7 5,3 107
2,6-DCIBOH KPH 125 115 121 118 118 2,8 2,3 94
500 490 499 508 499 9,4 1,9 100
30 32,4 331 33,9 331 0,8 2,3 110
2-FBOH KPH 125 125 127 118 124 4,7 3,8 99
500 452 459 446 452 6,5 1,4 90
30 28,6 26,3 27,4 27,4 1,2 4,3 91
3,4-DFBOH KPH 125 125 127 118 124 4,7 3,8 99
500 520 499 508 509 10,1 2,0 102




