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Phat hién ddu vét mercaptan trong

nhién liéu

Safe, rapid detection of mercaptans with Raman spectroscopy

Mercaptan la cac hgp chét hitu co chita luu huynh vdi
cong thic tdng quat R-SH. Chiing ton tai tu nhién
trong dau thd va khéng thé dugc loai bd hiéu qua
thdéng qua qud trinh chung cat [1,2]. Nong do
mercaptan cao cé tinh an mon va cé thé lam giam do
8n dinh nhiét ctia nhién liéu, dan dén cac van dé vé
stic khoe dong co, hiéu sudt va lam tang 6 nhiém. Do
do, tiéu chudn ASTM D1655 quy dinh néng do
mercaptan t6i da cho phép trong nhién liéu may bay
la 30 mg/L (ppm) [3].
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Mercaptan cé hoat tinh Raman va & néng dd cao co
thé dugc nhan biét va dinh luang théng qua phd
Raman cua chung. Tuy nhién, lugng mercaptan cé
trong nhién liéu thudng & muc vét, dudi gisi han phat
hién (LOD) clia phd Raman tiéu chudn. D& khac phuc
han ché nay, c6 thé st dung ky thudt tdn xa Raman
tdng cudng bé mat (SERS), gitp khuéch dai déng ké
tin hiéu Raman va cho phép phat hién, dinh lugng
mercaptan & nong dé rat thap.
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CAC PHUGNG PHAP HIEN TAI DE PHAN TiCH MERCAPTAN

C4c phuong phép tiéu chudn nhu chudn do thé
(ASTM D3227), huynh quang tr ngoai (ASTM D5453),
sac ky khf (GC) va sac ky 16ng hiéu néng cao (HPLC)
dugc st dung dé dinh lugng nong do thép cua
mercaptan. Tuy nhién, cadc phuong phap nay tén

PHAN TiCH MERCAPTAN BANG SERS

SERS (Tén xa Raman tang cudng bé mat) la phuang
phdp ly tudng dé phat hién cc chat & muc vét nam
dudi gisi han phat hién (LOD) ctia phd Raman truyén
théng, chdng han nhu mercaptan trong nhién liéu.
SERS khuéch dai tin hiéu Raman clia cac phan tu lién
két v&i hat nano théng qua hiéu Ung tdng cudng dién
tU dugc tao ra tu su tuong tac gitia tia laser kich thich
va hat nano. Tin hiéu ducc khuéch dai nay vugt qué

CHUAN Bl MAU

Methyl mercaptan (MM; 2.000 mg/L trong toluen)
dugc pha loang tuan ty bang dau paraffin. Cac mau
pha lodng (5 uL) dugc nho l1én dé SERS gidy bac cla
Metrohm (Ag P-SERS) va dé yén trong nam phut. Sau
thdi gian nghi, dr liéu SERS dugc thu thap bang thiét
bi MIRA XTR (Hinh 1). Cdc mau thit nghiém va diéu
kién thi nghiém dugc tém tat trong Bang 1.
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nhiéu thai gian va chi phi, doi hdi nhan su c6 chuyén
mon dé thuc hién cac quy trinh phic tap va tao ra
chat thai héa hoc. Nguac lai, ph6é Raman & mot ky
thuat phan tich dé s dung, tiét kiém chi phf va cho
két qua nhanh chong.

doé nhay cua céc ky thuat Raman tiéu chuén va cho
phép nhan biét cing nhu dinh lugng nhanh céc héa
chét & ndng do vét.

Ngoai ra, SERS yéu cau rét it dao tao, chi can st dung
mot lugng mau rat nho (thudng dudi 20 pl) va nang
cao d6 an toan nhg gidm thi€u nguy cd tiép xuc va
m&i lo ngai vé xut ly chat thai.

Hinh 1. SERS 6 thé dudc trién khai dé dang trén bat ky thiét bi
Raman 785 nm nao khi sirdung dung loai dé chuyén dung. Thiét
bi MIRA XTR va dé P-SERS clia Metrohm la gidi phép tién Igi, di
ddéng va c6 do nhay cao.
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Bang 1. Cac mau va diéu kién thi nghiém cho phép xac dinh MM & muic vét trong nhién liéu bang SERS.

Thiét Bj MIRA XTR
Phan Mém Vision
Conc. 0.00,0.05,0.10, 0.25, 0.50, 1.00 mg/L (ppm)

Mau Chuan Hiéu Chuén

Method Laser: Time: Averages: 100% (~50 mW) 1 sec 10
Conc. 0.00, 0.05,0.10,0.25, 0.50, 1.00 mg/L (ppm)

Mau Kiém Tra Xac Nhan
Method Laser: Time: Averages: 100% (~50 mW) 1 sec 3

KET QUA

Ph& Raman clia dung dich chudn MM chi hién thi cac
peak ddc trung cua toluen, la dung mdi nén. Khéng
quan sat dugc peak dac trung cho mercaptan, cho
thdy ndng do 2.000 mg/L (ppm) 1a qué thap dé co6
thé phat hién bang phd Raman tiéu chudn (Hinh 2a).
Tuy nhién, sau khi phan tich bang dé Ag P-SERS, dai
Raman tai 675 cm-1 lién quan dén dao dong kéo
gian lién két S-C da tré nén kha kién ngay ca & muc
100 ppm (Hinh 2b), va van cé thé quan st duac
xudng dén 0,05 ppm (50 ppb; Hinh 2¢). Két qua nay
cho thay SERS cho phép phéat hién mercaptan & ndng
dé vét, thap hon déng ké so vdi gidi han 30 ppm
duagc quy dinh trong tiéu chudn ASTM [3].

Mot dudng chudn cho MM & ndng dé thap da dugc
xay dung va kiém dinh dua trén cdc mau dugc do
bang céc phuong phdp thu thap di liéu khac nhau
(Hinh 3). V&i hé s6 tuong quan R2 = 0,975, m6 hinh
phan anh t6t mo6i quan hé gitia cusng doé peak va
nong do. Gid tri PRESS (t6ng sai s6 dy dodn binh
phuong) cia mé hinh & 0,0632 - tuong déi cao dé
phan biét nhiing thay d6i ndng dé nho trong khoang
tUr 0,00 dén 0,05 ppm (50 ppb) — nhung van du dé
phan biét cdc mau cé muc chénh 1éch tr>0,05 ~ 0,10
ppm. M& hinh hiéu chudn du dodn ndéng dé clia cac
mau xac nhan véi doé chinh xac t8t, dat R2 = 0,962 va
PRESS = 0,053. budng cong xac nhan da dugc diéu
chinh sai s6 va d6 déc bang phan mém Vision, nham
t6i uu hda viéc xac nhan mau. Nhiing k&t qua nay xac
nhan rang thiét bi MIRA XTR két hop véi dé Ag P-SERS
13 gidi phép hiéu qua dé phan tich dinh lugng MM &
nong do thap.
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Hinh 2. a) dung dich chudn MM va dau paraffin, b) d& Ag P-SERS
v6i ndng dé MM 13 0,00 va 100,00 mg/L (ppm), c) d& Ag P-SERS
VGi cdc ndbng dé mercaptan lan lugt 14 0,00; 0,05; 0,10; 0,25; 0,50
va 1,00 mg/L (ppm).
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Pudng cong hiéu chudn khéng con tang ro rét &
nong do trén 1 ppm (khéng cé di liéu hién thi), cho
thédy hiéu qua hdp phu cia MM [én dé Ag giam khi
nong dé cao hon. Diéu nay, cung vdi gidi han phat
hién thap, cho thdy mercaptan cé &i luc cao véi dé Ag
P-SERS. Do do6, c6 thé can pha lodng mau dé dinh
lugng chinh xac cdc ndng dd mercaptan cao hon,
chdng han nhu trong nhién liéu chia 30 ppm
mercaptan.

KET LUAN

Viéc két hap MIRA XTR véi dé Ag P-SERS cho phép
phat hién néng dé mercaptan & muc vét, thap dén
0,05 ppm (50 ppb). Gidi han phat hién rat thap nay
VUGt troi so vdi cac phuang phép truyén théng va cho
phép phat hién néng d6é mercaptan thdp hon nhiéu
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Hinh 3. C4c dudng cong hiéu chuén va xac nhan ctia Methyl
Mercaptan (MM) trong dai néng dé tir 0,00 dén 1,00 mg/L
(ppm).

so vdi tiéu chudn ASTM [3]. Phan tich don gian va
nhanh chéng bang SERS mang dén mét gidi phép an
toan, hiéu qua va cé do nhay cao dé phan tich
mercaptan trong cadc nén mau nhién liéu phuc tap.

3. D1655 Standard Specification for Aviation
Turbine Fuels. https://www.astm.org/d1655-
22.html (accessed 2025-02-03).
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MIRA XTR Advanced

MIRA XTR is an alternative for high power 1064 nm
systems. Powered by advanced computational
processing, MIRA XTR uses a more sensitive 785 nm
laser along with XTR algorithms to eXTRact the
Raman data from the sample fluorescence. MIRA XTR
also features Orbital Raster Scanning (ORS) to provide
better coverage of the sample increasing the
accuracy of the results.

MIRA XTR Advanced package includes a Calibration
Standard, Intelligent Universal Attachment, Right-
angle Attachment, Vial Attachment, and MIRA SERS
Attachment. A complete package for any type of
analysis. Class 3B operation. MIRA XTR supports
Metrohm handheld Raman libraries.

SERS Discovery Kit
Introductory kit for SERS analysis containing gold and
silver P-SERS strips and gold and silver colloids.
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