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Abstract

With the increase of energy demand, the accurate determination of sulfur content in crude oil has
attracted more and more attention, because the sulfur content directly affects the quality of crude
oil and the environmental pollution level of refining process. In this study, the sulfur content in
crude oil was analyzed by tube furnace method, and the accuracy and reproducibility of the method
were discussed. By optimizing the experimental conditions such as furnace temperature setting
(900°C~950°C) and carrier gas flow rate, the reliability and accuracy of the measurement are en-
sured. Based on the analysis of multiple batches of crude oil samples, the standardized operation
process of the tube furnace method was established, and the stability of the method was verified by
repeated experiments. The experimental results show that the optimized tube furnace method has
high sensitivity for the detection of sulfur content in crude oil, and the detection limit can reach tens
of pg/g, which provides a scientific basis for the classification, trade and processing of sulfur content
in crude oil. In addition, based on the measured sulfur content data, this study estimated the poten-
tial emissions of sulfur oxides during crude oil combustion or refining, and evaluated its environ-
mental impact, providing theoretical basis and data support for refineries to develop more environ-
mentally friendly processing strategies. This research is of great significance to ensure the quality
and safety of oil products, reduce environmental pollution and promote the transformation of green
energy.
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AR, BRI H 25™ 4% (10 IMO 2020 4= ERAN BRI & B R AE 142 0.50% m/m, LA
oo A AR ARG ] X B R, T AR RS U e O o A T MR R IR B AL 1) G S . S
HIE(GBIT 387-1990)1F A& Hkke - i EHAR, BABRMERA. &EH THITESE > 0.03%MH: 555
e, FE UL B E R I N o BRI, 5 IRAFAERERT K (15 min~20 min/BESh) . T R E A1 1L
R-A . G E RGURESRIRYE, W T AMEIE R A s 1]

TAER,  JEMBR AT BRI B . X OB E(XRF, G4 WDXRF #ll EDXRF, &
ASTM D2622 F1 D4294 Frifk) KIFF s il £ T 50 . ARBEIA IR PRI (L5 P9 52 ) AT FH T i it S5 e 17T s
T, JCHAE) AR IR R B o R Tz . RSN (UV Fluorescence, ASTM D5453)7E
JREB(ppb )M HRILH 1, BASEFEEAETImE, & H TR REHRIE . &P iR
(W1 FT-ICR MS 456 APPI FELES) IIIAE 431 7K P SR AEAE L BRBAL A 10 (1 22 B0 0% B B 2 30) 7 THT AR A, 35
B4 7 2 I L PR T A5 4 A AR S AL o bk, AR - R Ak 2R R OEAR I (GC-SCD) RIZT 41
HE(ATR-FTIR)&: IV AE WAL &4 speciation FIBRIE 4325 (I vs B2 TR ) b EoR 8 1y o

AHFFRFARACHE 2k, B ™R 35 5 IR (900°C~950°C) . EHA A L UCHATINE, Wik T
JiE R E AR B FE(RSD < 5%). AHECT B AT ER, EAWIERANG. b s, EH

DOI: 10.12677/hjcet.2026.162009 87 e TREEHA


https://doi.org/10.12677/hjcet.2026.162009
http://creativecommons.org/licenses/by/4.0/

FRE, BE

TH M B RIE, e MBI SR Ot RSN E AR 1A S AT IRERAGE S N, )
9 e R 3 AT LS A e (TR

2. BERNEIRE R IRME
2.1. FPREENERE
P =N 3 Y S D S E TR DB = K A B = R R e R N = 55 W b N S s A i B

ISt T AR B I o %7 VR S BRI RN SR AR, ILAE 900°C~950°C Tt A A iR o
PR BV R GBY/T 387-1990 ArE Az (19, AT AR LR B oh S M IR (i s . . fifk s
VRN SOz [2]. RS AEI SO, BEARAS G H N S)ENRBUR, # H202 KB R W H: 7] B 4
FALREE 1) HaSO40 HoOo FEMLIE R PSR EAEH, —J7 {21 SO IA) SOs 4% 4k, 53— J71HfE SOs
LRI A % HaSO4 8 G KLk 338 i A M o [2] . B, I NaOH A v i Vi 2 G 1) HaS04, AR
P NaOH ¥ #E & RV AT AERA T 50 0 SR i RE i AR o . OB SR B AT 3R R«

Bt +0, -»so, T

SO, +H,0, - H,SO,

H,SO, + 2NaOH — Na,SO, +2H,0

EAIPFARAE R, AT R, HAS PR AT 0.01%, S A7 vt Tk r Sy et 25 A ) 1) 22 077 92
Z[2]. EFRERERZE, BTREERE R, FERERE A, RIS i o B Rz R pe sk 0, itk
BPUE AR LSS, DLRIE SO H5E IO AL[2]. BbAt, TR HTks L, NaOH itk
TR RS IUEC I, JF R e BRI M 25 B /K S ) & A s, el o W 2 A AN SRR T3

22. BRI BERES TR T

AHIE G P 4% B GBIT 387-1990CR (A i 7™ i it 15 52 W i 2 (B i) D adh A7 T it Bt 25 B A g
FITVEE TR R BT 0. 0% BRI ™=, BLREJEIH  SEIGSR I XSV PAT AR, [RIRT AT HE &
WIS A RS, DAAR A A AT

FEE SR FX: ACPIRFIXE Y, iR s HI7E 900°C~950C

ARG FERRE . TR RG(R D 3D, A& > 250 mL): WISOm(E 3%id Ak
SAW): WMETHE SR E S HILE 500~1000 mL/min); NaOH AR % (W £ 0.05 mol/L).

ERVEVRE: ACBRUER: TP P, THEE 900°C~950°C HFasE « 1H LR RS, Mifd 2 s H i .
FESFR R HERRFRIN 0.3 g~0.6 g JRIHFE Th (RS 2 0.0001 g) T A1 SERREE R o[RS HE 4625 A FHCASINEE )
BRI R : R eS ET A SN, B S (S 800 mL/min). ZESHEBIBERE A HEN =R X
fERE S LE B R T 58 A BRBR(BABEIN 18] 29 30 min~45min), 44k SOz, Wit 544k K 2L SO,
BN, #% 3% Ho0p IR I I AL N HoS04.

TE: FH NaOH A7 i 2 SR ) HaSOs, LLFISELT - 1 FJL IS VR G 4R R I & S (St R
ZIh). s E (Vo) FIRE i (V2) THFER NaOH 4R

A w(S) = (V, -V, ) xcx0.01603x100/m T+ 56 i £ 43 4(%), H ¢ 7y NaOH ¥ fZ (mol/L),
m YR () -

SEEGBETE: AR EIMRE ST 3 UCPATINE, THESF I AT bR 22 (RSD),  #ifR RSD < 5%.
B 2 RIS AR v 0 IE (0 & SN (0 FE AR ) . PGS RS <£10C, BRI
BRE, BERIREATE A SO Bk, @I IR A MR ER AR E E T, ASEIRH IR 1A & =
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Table 1. Parallel determination results of total sulfur content in different crude oil samples
= 1 PRBEHMERNBEREEFITUESER

FEfbdmS FEMTE(Q)  AFAM NaOH (mL)  FASLHFE NaOH (mL) S E%) “TH¥{HE@) RSD (%)

JRih A-1 0.5123 0.12 15.67 2.45
JEH A-2 0.5089 0.12 15.61 2.46 2.45 0.4
R A-3 0.5156 0.12 15.72 2.44
JE3h B-1 0.4987 0.10 8.45 1.36
JE 3 B-2 0.5012 0.10 8.49 1.36 1.36 0.0

3. MEERNIE
TEMREHERES

AR ST Y 4D R A o B 1 A Y ) 0 SR M A AR R . TR SR VU SR M SRR, B R
W REE[3] HUFERT, RIACRARRE T 1%, JEHAEREN MR E D — K. 1ERES
FERAME R, B RS E Y. PR, AR IRERA k. RESERE, Ml AR &5 S
M, BT R A7

N T IR A AR R A TR, AR FCRE T 5 HLRII AR S, LR 3 AFATRE. FRA
REENIBE A L, Fr8 1A H . REMFEIIAE AT AR f5, A8 b b A7 6% 2 s s s

FACHE R R B2, KR TE 80 CKM N B SE A m Ak, FF RS, ARG, HERIFREL
£90.1 g (F#E 0.1 mg) TACAH WA E R B E S, TERTR D E0N 20%1H B KR HIR IS B & F
JHE 105 CHR P TR HE . Ja, KA E A B T Uiy d, E=SAA T 10°C/min
g N EdRTE 42 850°C, FHEIE 90 min, fHiRFE 78 & AbE[4].

PRIGEERE A, R HRE b A R AR A R AR (SO0) Stk . AL UL B R G K LS,
Beik NN TSR R AT 8 AT o A SR SR FH TC A 2 GRS I 28 1 5 v 2 w0 A 7= 1 48 s e 25 e A
(B4'5: TSHR-830LC). EAMIGIERIMERE R, FAETH, &4 A WRN e RS & &0 RfE
J5i%[5]

K% 00 TAESAE . J6UR Xe kT, R IEK 230 nm, KEHEK 420 nm, G HLE 450 V.
AW E 7 0.1, 1.0. 10.0. 50.0. 100.0 mg/L A ArE 7 I (FH 1 58— Zbn 4 o e ) Zs il b vk Hh 28, AR
KA r>0999, FAMFEMTATIE 3K, 245 FHHX Ar v fn 22 (RSD) /N T 5%

4. FRERIE
4.1, BHHSRIR AR

JE 3 R 2 AR R R A AN BRI FR SO, HEUFI DGR 2 . B 2 ZE DUE MLERAL ) (D B . 1y 24k
HEUNAD BTN A, EmB A R LT o8 8 (SO2), A4 nl fig Ak i = F Ak
(SOs). B 15 SR i 58 A ke HLR 430 #5408 SO, B HEN 7 rldid JR & HAH: METEN 32
g/mol, SO. %74 64 g/mol, FIhHE 1 kg i 582 E MK AR 2 kg SOz. X T 5 240 H0A 1% [,
A3 (1000 ko) BRI &A% 10 kg, FRS ERIP2A4:4) 20 kg SOze X —1H BN PEAS B HEROE 44 T FiE i b
FEA AR A
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SEhRERT I IR T, B L RN R A IRIE ST R, AN RS AW R e 4
70%~85% [ 77 it (ANVA I « ST RRHIM) A Y, 5%~20%E N AL 24k BN E 5 B AL 77 S i, 7%~15%
PL SO, 3Bl S HER, HARTTRECABRER £ 5k H.S TERAEAE TR K. RS . HOs b p 52 T 2288,
It A% VRt T 6 155 0 SR AR SR AR 3 o i, SRR LR R R + AR IR S, A SO.
HE B R s T A RE IR AR A B SR SR T IR, DR SRR B R TE 10% DL .

ANV B B S ()R TBOEs 70 22 e WY i o DA SIS A Rt IGHR 5 (B 75 & < 0.5%) i L #£ h SO,
HEFBCR I8 % AR 1 kg~3 kg JEFE; AR R (0.5%~2%) A 4 kg~8 kg mrfim LI (>2%) AT ik 10 kg PA
b R P HEBOE D12 VR R 4~10 fif . X —Z RO T RIS R AR, B R
et B R

ik — B BEACIR BRI, RTAS S EIAT CagR ] ol s e HESbR #E) (GB 31570-2015) 14T X}
Ebo bR AR ST MR | AR K fe A A0 P AR A SO FFR 2 100 mg/m?® (Ff#kHbIX 50 mg/m?),
FORLY) AN R A A R . N T B B v B, TG R A SR 2 B (B A IR - AR
IR, BB AR > 95%), M SO KM Sy AR . LASLAY 1000 /7 tla IR A, #5 BRRLT 6 &
A 1%3 T2 2.5%, TEMFIBLER R T, SO 4FHE & vl REIG AT, B 4250 X 382 S0 s Rk
T W9 T2 R AU o

AR, R T N T 2 TR R AR R e R AL R R b B S O B AT AR R . REAERY
Iy VI AR R N R AR, R TR A S B R BRI, 2P T8OK SOx HE. K
KE, FRERIN L ks 2 52 T X SO, Ml fier, MRS RGN AR FH L NARIFI R4St
fé BE[6]-[9]-

4.2. EHRIPIERER I

BT AT e m A RAEBRIER, - H PR I R e -

Pk Aok FARHER IR it (w (S) < 0.5%), 45-&r AT S0l e 7 v e A MR It | B vl o 7 &, AR
76 IMO MARPOL Annex VI 4=Ek 0.50% R E FH A [ M AAHE O ) X (45 0.5%, I 0.1%) 23K .

T2 RAMMEBHDS)BEA, M Sk B S & & . AN 72 sk 25 2 250408 (RSD < 5%) A H
TIERLIR S, H bR AR P 22 88 17K T (<10 ppm).

AR 0% v SO AU B AR B (i E AR, AR SR R P AR UL, A6 HETS0HS /2 GB 31570-
2015 (Fr it Tolkys G HERbR 1) SO FRAE -

PR A s 51N 0T PR BRI (40 LCA 2 i Jo PPl s HE I IR 7 45 & KRS8 Bk Yy, Efk
ANTRVL B 2 S B BABE A0 A7 o AT 45 R oR, B S HIAE 0.03%~1%3GH Y AL R, 454 B,
Al SOx HEUE /7 FEAIK 80% LA F[10]-[12].

XS AN ELEIE T AN FCPAT I B, 3N R T ot i BB st i 5, B BRI

1 R HE Ak 25 -
5. &P

AW TR 2R be st & 5 AN RE (8 s i%) , TR A% IR GBIT 387-1990 FrifE EEK, X £ fif
JELHAE it R BB & B BEAT T HERAINE « 1207 iR i (900°C~950 C) AL MR B A T vh - A T 25 R il o2
BHALN SOz, MABE W2 L Ja BE N B AN SO S5 AT i RBUL € BT SKIRES KRB ikt
HFRIE B H - ng/g ) BET i A2 SR MR 2 BB RS WU E 755K s A i 2 AR 5 22 % r> 0.999,
SFATINSE 3 UREIAR X FR (i 72 (RSD) < 5%, St R RS 2% FEAEE S0, Sl (A . R R AE
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AR SE RS
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