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Abstract

About ten million tons of crude oil was consumed every day, resulting in the
emission of sulfur-oxides to the atmosphere, which is a main cause of serious
environmental problems such as acid rain. High sulfur contents of the crude oil
reserves, the need for fuels ultra-low in sulfur and continued stringent regulations call
for deep desulfurization technologies. Hydrodesulfurization (HDS) is the dominating
method to desulfurize oil, but its defect of high operation cost and deep desulfurization
limited the development of desulfurization technology. Biodesulfurization (BDS)
which can selectively desulfurize the most recalcitrant sulfur compounds from oil
under mild conditions, remaining the combustion value of the fuels, support HDS very
well. As stricter standard of sulfur content in oil appears, BDS gains more attention.

Mycobacterium sp. ZD-19 can metabolize dibenzothiophene(DBT) and
4,6dimethyldibenzothiophene(4,6DMDBT) through a sulfur-specific pathway. The
biodesulfurization of 4methyldibezothiophene(4dMDBT) by ZD-19 was also
investigated in this thesis. The results showed that ZD-19 can also desulfurize 4MDBT
through a sulfur-specific pathway. The metabolic pathway for biodesulfurization of
4MDBT was studied, and the final product of 4MDBT biodesulfurization was
determined by GC-MS, which were identified as two isomers:
4-methyl-2phenylphenol and ~ 2-hydroxy-3-methyl-biphenyl.

Secondly, biodesulfurization by resting cells of ZD-19 was investigated of
biphasic system in shake flasks scale. The results indicated that, ZD-19 in oil-aqueous
system had twice ‘the desulfurization activity of aqueous phase, because inhibitions
effects by product accumulation in aqueous media were not so clear in biphasic
condition as 2-hydroxybiphenyl (HBP) oil-water partition coefficient is very high; and
mass transfer limitation was partially eliminated. In contrast to shake flasks,
biodesulfurization in a self-designed airlift bioreactor(ALR) can achieve higher
desulfurization rate; the maximum specific growth rate and the highest cell
concentration at the late exponential growth phase in the reactor were 0.15g/(L * h) and
8.1g/L, which were 1.4 and 2.3 times that of shake flasks respectively. The results
showed ALR’s great potential for the commercial use of biodesulfurization to remove
sulfur from fuel oil.

Biodesulfurization of DBT in oil-aqueous system was carried out in the ALR. The
optimal gas velocity was 11.8cmy/s. Slight plug-flow was formed when the gas velocity
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achieved 13.0cm/s, and the oil droplet diameter and the interface area decreased
consequently, which were the main causes of the decreased desulfurization rate. The
biodesulfurization of resting cells of ZD-19 could be proceed in the non-growth media
(phosphate buffer) as efficiently as in the growth medium (BSM). The
desulfurization rate increased with the increasing of DBT concentration as well, while
high DBT concentration would inhibit the activity with an optimal of 3 mmol-L". The
results suggested that under high concentration of DBT and optimal gas velocity, the
mass transfer rate was much higher compared to DBT conversion rates, when the
microbial desulfurization rate was the overall rate-limiting process step.

Lastly, The desulfurization ability of Mycobacterium sp. ZD-19 for DBT and
alkylated dibenzothiophenes (Cx-DBTs) was studied of stimulant fuel oil system in the
ALR. The desulfurization of DBT, 4MDBT or 4,6-dimethyldibezothiophene ( 4,
6-DMDBT) as a sole substrate, and the mixture of two or three of them as sulfur
substrate were investigated respectively. The results suggested that this strain could
efficiently desulfurize DBT and Cx-DBTs, their activity was: DBT =~
4MDBT>4,6DMDBT. The degradation rate of total sulfur related to the composition
and structure of sulfur substrates. The total sulfur remove percentage when DBT and
4MDBT were mixed was larger than any other cases, which attributed to the high
desulfurization rate of 4MDBT and its little negative effect on cells activities.

Biodesulfurization of DBT derivatives such as 4-MDBT and 4,6-DMDBT
demonstrated Mycobacterium sp. ZD-19’s ability to attack a wide range of sulfur
compounds present in diesel oil. The activity of the strain shows its possibility of the
commercial use for decreasing the sulfur content of diesel fuels.

Keywords: biodesulfurization; airlift reactor; simulated fuel oil; Mycobacterium sp.;
dibenzothiophene(DBT) ; alkylated dibenzothiophenes(Cx-DBTs)
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B E A F] 1.0~5.0mg2-HBP/g(DCW)/h. FLALB ARk 38 W F B R IR R E T
AEYEAFIRESESSE, EXRAREWARSTERIMXFHMRR, XF RN
BN AT R R I LB

Yang JianzhongZF MOt % 881 2% 22 T wh /K B8 48P Rhodococcus. globerulus
DAQ3M AR ERAFFE, 7E B I h 2 5 28 o HEAT 40 e A KR A ) FOE ik B 1 48
R, SRR RS REERZEETH (nE2.3) , REETX LR
MR, LR TEREBIEFAN LEEY R AFRDS T, AR T250m1f)
LR 7E S 8] P L BR T 1500ppm B, BT BTN A HrE.
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BT K F 42083 32 E AMER

vapor
capture

Low sutfur
o protuct

2.3 BiHea R 88 i LR R 0
Fig2.3 A Stirred-bank bioreactor
252 RARR B
SAXRNFALR)ZH TR —BAAHRS — & — B =M R N E,
EETEHT KRR, KESSRRGSERAEEZEROT S ER
R NRETRA RS, BRAOKHERNS, TERBENBERNSMERR
PR, AIR IREMAETHIE, —RERERR, —BERANHE, HER
Logwbapue 70 AT T
Mehmia M R % AURE5T TS A3 2 28 TS M3 A0S 9008 1o BE X AT LR
RAER AR, &E8NSRERET MRS N RE(m) R ERE
it Z B (KLa), TN N B TR AR FRE LT RESESFH KLa TF,
{EX BIAYWHER . Mehmia MRIEEL T RER B 58 RBZRAKR,
FLER LR PN RIE, B T HAEAS AR, WIETE. RERE,
BREABREEEEE. RNMBLAHE RS HRE B TRERERR.
Lee "5 FE £ Gordonia nitida CYKS1 TESFH R M 28(B 24)HHATT
SEM AR BT, XK. BRIBRESESZ S ECET TH, XS
7R L 2% e 40 0 181 5 Ak B2 AL A U B R AT AT T R .
Markos J**Vee A\t S 7t R R BB EAE M TR AT WIS A T KEHR, ¢
RER, SBEFEE, ENERAREHTTER, BUR-RERILE

11



RN L e 2143 828 UEFR

PRMARAY, FFESLT RS R R M AEKEE.

Air

__— Disktypeimpelier

' / Paiched type impelier

B 2.4 S 7R BE 8 A S RY Ry A1
Fig. 2.4 An Airlift bioreactor

2.6 ¥ & £ B K

H AT EWBRMBT AR KR E LK TRk EER, XEREYWRAER MK
B RS BR R FE AR KPR @lﬂ:ﬁﬁiﬁi’%gﬁﬂ%ﬂfé, B FEEM

KEHETPEZEY RPN ARG . SREAXAHEDRTRP SRR LD, Eiit
£ 80 4EAX,, Fedorak and Westlake">V 55 52 1| FFI VB & B b ke Pt S vt o O 23R L
WAL EY), AT RAERARECPHET T ERNAEYB, MRS Ok
B Rhodococcus sp. 1GTS8 tH.7E J& M FHAT T ZEY, BREEHBEFRNER
I

Li Fuli Y54 T X BAEYHFHEBARKN AT, EMELEH. KHT#HTT
%82, R REC Mycobacterium goodii XTB, 15 1F -+ Tk M AT T 5
FEREYHEMARE. SRER, EETIGEMAES, 200ppnfIHIZEDBT
R MN24hj5 B KE2ppm, EBRZFIED99%; FEREBET, 2 72hHbE, REE
M3600ppmPE(LF]1478ppm, A F)S9%HI LR ZE.

12



BT KW 2R 3 228 YRGR

Maghsoudi SU7% ¥ SE 78 & DBTHI IE+ /S B A Fh 4T T W IR
BT, %% T & & Rhodococcus sp. P32C1AK LH 4 f kAT B B S I B SR 4544,
FAEMERL b, #AT TR EMAEDHRLR,; PR 2 E303ppm,
L EYIBRR T X348, 5% RINZALEAILAG S B1000ppnkLen, BAXRE
423, 4%

Shan GP¥144R. erythropolis IGTSSF I EEEAR T L, BEAF
B R R 3 R 0 R 5% B Bk Pseudomonas strains, F i B6HR &3E4T 7 26 B AR &
B, HRERAPBEBNEHERRESHITRN, RN EFEEEN
BisiiEYE, 418033 mg g h!, FHEREBRETHS00mISEHM591 mg. 17 BB E
313mg. 1'%,

Luo M.FPYE 7+ — S il s A 2% 82 T Pseudomonas delafieldii R-8£) i
TRdstk, % RN AT AR M#4,6DMDBT, ZAF4 R, 5 Z FDBTH
4,6DMDBTHI 8 KFIEHE AT 2515 2114 #19.4 mmolkg ' h™', H M RGBT
AT & T KA RN .

FEEEVBRMBANAW R BRR, TR EDBEREI AR B E S
WO, L FEPRHAFE: F—, USDBTHISE M BUREHHHATH)
W5 £, BEARMESEHAEDHRNZHITHONRR. B FURAAE. &
FBEREEEREEE, Bk, BOOHFRIAN FERHENHRLEDERE
WA MRS EATIIR, X TEVGIR S KD RERFEEAE M .

2.7 & YRR B 1 E R

RH YL R — AN B RN B IRE, RYEKF REREER /D,
RV AR R AR AR M R BIE R A RG], HAL LR S RYN=Y
FERNME AR BEDRROT BRNEE; & KBIESERENGEED AR
i BfEE. BLRTWANA, FE#—PRAEDELEBREEER, %
FREWBRBIEFNERZRNR, THE2SBAEANER T HRIETEES R
K e B, BERAMT LD AP E DI IRFRERE . R N2
SR RIHATH A




LK F WA 1030 B2 8 XwkER

Calluar metabolism of dectron donors

®25 ARy EESRY
Fig 2.5 A diagram of some of the steps in the desulfurization of oil

Carolina H.1%>%) %34 41 3R 85 f 4 K 30 17 2 M a4 4 FR R DB T M AR
HBEITTHIS, ERTHEE (26-36C) . pHEABENAREKEH., HE
THRATHEEERE N30 -C, BifipH 6.5, REBMEMAEN 10%. FRE
SERIA AR, B T u and CX™; ARSI S Bpes KT IE LW AR ER K
MR, FERITARAEKIEDDBTHIMREES) 1 FER.

Marcelis%¥ g 37 T — MM A TR B X R 88, 20-60C, &FE
ERUEVAERER], FYAHGREENIS—25%K, DBTAAHHAZIBRAHR
HRERER. ERER, BHENEENEREERGHRANEN, TEEMR
HE KN FTREMEAAKR; DBTAEHHEIHHERAENEAERERELRLRFE
DBTAWHEEN10-10%; FEH, s T FEREREREMKAEE
EARRER, HEFEREN MK AT ULRESEENAIENRMER. S8
Fbi, HMEDKRRERZENMHHRIRMOEHSE.

Rashtchi M1} 41 T strain RIPI-224K 1 40 i 75 7K A8 K 76 /K B AR R B9 A M

14



WL K20 LA 38 30 F2E AMGE

B, 4 5 R A K AL A o strain RIPI-224K L1 U ZEThE i B B b
BIBBREYE, ERSRIUER O, KPR MR EERE. B
RIS % Bstrain RIPL-224K - A ML SE M BKPE, BT DA ELEE MR AR AR R AIDBT. 3K
W5 AR EH AN ID-M2AR B LB 4. SLuo MFPIRIRFRHKML, %BF
mwzmrm&%=k—Vm=;—§xa~nBTemséﬁmwiﬁﬁﬁm, B2 T VmaxF

ko

FESHARRMED, Boltes K SIS BUEFRHEAT TEHH %M. WA (+=
o) BRSEABINTEEAN, XXB[E, SEKNERERREHITT %
£, BT MK RAE S FER., BREVERBTFERRGEER L,
Hy g BTHEHAEXE T ROGEFATNRZM, R A THigbiel2 B HEEIM
Kolmogoroff& [ FItEE 18, B TEAB R SHRSHMXER, RRmk
HABAEREENESHERAYERREW: REAMMESRAREREVE, H
FE SR EAREIT20% .

AT RERGI RV RAEERE, ATFAREEE S IMAKE TR
KB A . Caro A5 4F Rhodococcus erythropolis IGTS8 I it i #2 55 A A\ BER 4
WBEAREEHER. 4R RMREFBEFMAT LUEHDBTE MK B AR ff£3%,
REARFAE, FHBAT2-BPHRE, RHEETARHOFEER. BEX
MERESMAMRKE TWREMA, HahimsK SR A4 REF#A, DBT
Y AR ERE K R IR KT M. ZHRE— S8 T RSy
4 X i HaldaneZh 1 2 HERY

IS, BEERERANHRNEEER TRERERN TIESE TER, £
WG BRI E T XN R B 2T —, IR T RAGERE; 5 LS5
BIE, MRA LB T EE, W Pesudomona aeruginosa EGSOX, # IGTS8
%} DBT18% AL R T & 95%. BIEBFEMA, LRARBILT LM “4S”
Rz, 3 RESBHTRANSE, REEMTEMNE, Rt G
WERMRE, ERPEABEYER, FRERTZEXNEA T RERTFMHE
AFETE, RETEFRHE, —BH%, REANRESRVBBRENER.

AP T &P — R AL G AR & A LTI KA L R K
EEAFIFFRIBR =R, ANBOSEFALLR—EREYRR TS
f—AMEI A RTEHERE R AENERT, RN #ELF
WS MK RN TIET, BT IAES BORE, BMERE BRI AE

15



WL KZEH L2008 5 B2% XMGS
TEEHZAEON, RARIAIRENEHR.

2.8 £YHBAE R

EJLER, EYERBAH R, BEYBGREZEA B SRA BE 21
AMEBRMITZRAT, BT EVBR ARG R 2 6R B FH i &4 E
£, B B BIRERRKIBEE. HIAEYBRBEARRENEES
T R :

(WM KR BEFE KA P RIS, ZEM AR X DA CRRR A () (3 v . TORR I
HIE 2R R R A TEE TR R PR, DA e Rk i P iR B2 HE A B
ERMHARRZ — FELUERNTERBEEAREFRMBE.

QEEY BN B B3 REBERATIRR, BEDRXMHERE S —
ARG T ERBMER, kRS ERNREmER.

() B ATEDBLR R N AR B FUE A B AR, RE LN ABANIRLIZR
BERERR. EVHGRNBERKORNEE, BRERRENM S, STKE
KA IR AL B R AFIR .

(HEDBRE FER S KAEDEALTIR S ARK AR, 2 EEREAH
M, MHEARLHLERAKER MR KGR

29 AR XHF R AE

AL E U R IHELy(DBT) AME—FES B AR T —HELIiai A
HHER—— AT ZD-19. s A KBHPIRIESH, ZD-19 AU SHE
VB SV ARRIEY, BEH RIFHBRGEE. R CMHER Y B0 TEN
AR, #EmPEERS ABERBH=FFIHRLEY: DBT. 4MDBT
A1 4,6DMDBT, *HBAFRFHHITRANE R, HFESA XK RZPHAT TEMUR
FHl B REF R . RIARTE:

1. XFZD-198 i s M sk A T Bl st — P % 8, HFAZD-19%4MDBTH]
fimiastE, FIFAGCHIGC-MSEHARMTHAM~Y, HMHABHRE.

2. B ERERMN RS LR LR, £8 ZD-19 FElMHEP R HERE
Y, TREINAT SBT3 BB R R 2R A YR AR T TH Y
A, X AR B Y A P AT A

3. MAARXRKMBHEREIESEHITHRI, ERERTREGHEASR
. EBKERN DBT kE%E, AT —PERRE TR B E HA.

16



T KF L2001 3C %28 kg

4. BiTEYRBREMHEFHHREFHETERR: —. L& DBT KEA
Bl =, USShRmS . X Tl&d EEFHSLSY W DBT.
4MDBT 1 4,6DMDBT % () {E FIHLERI R &K D, A0 MR IE4 B/ R A Yl
7, ERIE+AF AR, %% T DBT. 4MDBT # 4,6DMDBT ZEHEHI5EH
PR Z B BRI




WL AR -2 8 X 3B MENITE

RIE MM EF %

3.1 B 5 A

28: 9790 SMEIEN (WFLEK), 2010 XGHE G Ty, 7 049%
HEN (LBERAERFERAG), BRIKES (FHEEHAZELTD),
DHG-9070A B #ER BN THM (LEBELRREERATD, HEERK

(ILFHAAR THZ-C ), LD5-2A REELHL (dERERELH ).

R ZEHFEKDBT): 4iF 9%, 2 - REBEQ-HBP): 4/ 99%,
EHBEYBT): 4iF 9%, 4,6 - ZFHEZKHEY(4,6DMDBT): 4iE 95%,
4 B3~ K IFEYY(AMDBT), 4ifF 99%, W B Fine Chemicals AF]; F+/N4%
MZR IR R B AL AR R . EE XA B R NE 3-1.

F 31 FEAEAAMEMMHER

Table3-1 Physicochemical property of primary chemical reagent

B4 S DBT 2-HBP | 4,6DMDBT BT 4AMDBT
CAS ®id 1207-12-1 | 11095-43- | 7372-88-5
8 132-65-0 | 90-43-7 5
aFR Ci2HsS Ci2Hg CisHi2S CgHeS Ci3HioS
NTE 184 170 212 134 198
A=) 97-100°C | 55.5-57.5°C | 153-157°C | 28-32°C 64°C
Whel  |332-3337C | 280-284°C 380C 221-222°C | 298C
TR BT, & | BTEM | AETK. | HTER
Da— FUME | ZHEN | HBETE | ZHEN
At e BMESH | BH, A | B X & | BR, TE
Fok. FHEA, FKe. fi. WE%E | FK.
AT K. BB

3.2 BLABA Sy 3 5k

321 8%

ZD-19, EREZBITHHMBE, £ 16S (DNA EER THEMTER
(Mycobacterium sp.) .




T KA 341 5T %3 % ME T

322 BEA

(1) EREHEEAREFRE BSM(Basal Salts Medium)ZHf: K,HPO,-3H,0
5.0 g, NaH,PO42H,0 2.0 g, MgCl,'6H,00.2 g, NH,C12.0g, HiHi 4g, WETT
% 1mL, %K 1000mL, KE&H.

WETEREGWAHAM (mD): CuCl2:2H20 0.1 mg, CoCI2:6H20 0.4 mg,
ZnCI2 0.2 mg, CaCl2 20 mg, H3BO3 0.05 mg, NaMoO4-2H20 0.2 mg ,
FeCl3-6H20 4 mg, AICI3-6H20 0.1 mg, MnCI2-4 H20 0.8 mg.

(2) WiikiEFEIEFFE BSDM: K5 H BSM 1 0.2 mmol/L DBT-Z B #
BAE A M — B VR .

(3) BElkiEFEFFE BSDM FRE: BAEEEFEM 1~2%KEEHE,
BB EEXEERERE.

323 LB AAYEMH L

S HFT B Mycobacterium sp.ZD-19 ALK E BITHEK, REBRSRG
5 B BB AR, BURERT R E 2L B ZD-19 7 LLYS 4S 12424 DBT 1 4,6DMDBT
AT BEAR

(1) ERIE: K4 CHARTFHEMNERTHEEFREL, 30 THEF 4d.

() BT F: AFEERLRO—BH, EHFREHT, £—EHE,
%4 BSDM fE A5, KHfE, EMLE0EM, BT 30 C#EIK, 180
rmin’, %3 48 /N,

(3) R & 4MITELL DBT AME—BREM T RS REPERE
XEGAEE IR, BRBEEO0SE, H0.85%MEBE K% —K,
BTEEMAKRGEET pH 7.0 £ 0.1 molL! BB EMBt, BT IKHE
R,

324 HAHRAR I ARE
EBREAEERS T2 REAMBM, URASREHNENL, 2EER
EREAFEPRIALFEEREZL . NEREELNEZE, NRERRH
FMEEMER. IRPRMEZALLTIUATEE LR ER: EHERK
¥, WOREBREREILE, PHREBEFENEEIE, REAFHM
EREXT AR RBER, EEMEENRERRESES Z iRt
ITHRM A RIEAROTE ;. RIREE, BREBMAMAEN B KIER
RATABAPE A REF: RAFROEHRBTEE. SEREENE
FRMEMN, WENZRWEHFT T EAURREFRNEE, BEESZ
HHRERNEFREPETEERFRETRKHEABF SR IEEE KK
LFRRE.
RAEMNEMERHREFEDHEREELREPRAER, AT
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WL A0 -2 8 X HB3F MRS

EMMEE, EEEENRETEREE. TREXAB—MHERRRE, &
REREARERAF, HREE—NFHNTRROFERYE, FIEES
[RGB S .

AR P EF AR, T EREEPRE T ERN T HEERR
Bk, BEMEFROMNEET 4CKERT, 8E 13 MARBERTZEA
4T 4R SE TR

3.3 E+AkEE KA A

E+ARSELRENE, SEVAR—ERRMKREHALKE, E1TF
REH A AGTIE & A PG F B b 32 JE BRRAR A il = dh . SER P I RN A=
2-HBP RE 5 BB TEENPERE, FHALR = USEWH N FERHIE
F ke AT I

(1) BL: RMGHIEAKILET 4800rpm FTEOHE, EEE+HAKE
BE SRR .

(2) EB: AMBEIFPIASETARSEERHEEMLRER (4gL),
EWAEE, BTEKERE. WEESR 3 K.

() Bifa: BERBABWETAKRENELR, FMA—EERNEER
AT, FEIR.

4) i¥8: BARAERIE+ b2 RE R BRI A FIREA.

3A4AFARARNBERKE

FEYMEAL R 2 F B SRR MU E B R E Y AR & — 1. TR RS
A, REEMREARMERNFZRT. REJORHERFSOHLEERD:
MKH. FRKEE. WAKALSEET . EVELFANEES. F88RN
BRIREE, AZRRASAARNE.

WAV R M2 B AR R R B A 3-1 Fim. ALBRXAAER
RAXRNE, AIFRBERNBEEREHN. SIMENREHR, WIMEERLE
wE, FREAR30mm, SMERRE S50 mm, BE Smm. RNBZTEFRAN
500mL. SAEHIRSE, SURARETENFLEZTRE, H—SAET
RETEHRE, NALENRBLESABMBRTRES, ARNSEHT
M. B UERGMARGHEEZER N, WAEAE LA, ET
WHME TR, WWREBIRS) . KRBIBEME, BENEL. KREERK
HRARIKRARMERRES, BIRREHME RN SRR R G RER
2,

20



LKW L2478 5 F3 T/ MELTE

B 31 SARARNENEYERIAEE

Fig.3.1 Flow chart of biodesulfurization in airlift reactor
1 EEKAR 2. KR 3. BT 4. SAXRNE 5. RE 6. SUPLENR 7. AR 8.X
£

3.5 A Mk

3.5.1 SHORE R

W B BAE 620 nm WK TFHIROLREE, Bid 620nm FTHBRAESHARTE
LR R, BEXNAEBRKREE (g/L). BWBIKE (Dry cell weight, DCW)
1 0D620 HIFRHE# 22 i 3.2.
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AN T 47 IR MELEE

Y =2.43355*X
R=0.99973

Dry cell weight, g/L
G

0 2 4 6 8 10 12
0D

620
3.2 ZD-19 HE IR E IR A 2k

Fig.3.2 Standard curves of cells concentration of ZD-19

352 AHARNEMEE TN

BN EIE R Yy . RHFEYY ., 46 - _HEZRKFEY, 4FE
ZRIFmEYy, LK DBT BiBRF=4) 2 REBER. HIREHUSHAIE I, Ak
H&S % SE-54, #K 4 30mX0.32nmX0.33 pm, B ERZER2ZMILED
HHRAEEERFRIF KD LEHE.

RIS A2 280°C, BAHAES, HEHN 2.07 mLmin”, &R
1 FID #8836, HE N 30 mVmin; S ABIMRR, H# 300 mV/min. &
Y RERARA AR, HEFEE R R4

2/ Z.B6 R Z. B A R LAY : M ¥ DBT.2-HBP.BT.4,6DMDBT #1 4MDBT
AR E AR R 4 38 : 200°C (15min). 200°C (15min)+ 200°C (10min).
220°C (15min), 220°C (15min). '

EHAEAREBAER, HHERAEFARES, HPHE DBT. 2-HBP M
BT B, FFBVIHEEE R A 150°C, RFF 15 min, A5LL 5.0C/min F £ 200C,
{*%F 3 min, FLL 10.0°C/min F+ZE 270°C, {R*¥F 5 min, ZHrH[E]1 4 40 min.
DBT 7] &5 4,6DMDBT & 4MDBT —##E  —HiEFFHES 5 S E, iR E
R4 200C, LA 10.0°C/min F+ & 250°C, 7% 7 4%, A4 EA 12min.
WRHEY R — R 5K E MFRE R BOE 1T GC ME, DABMEEAR AR, B
fh B BE R IR FEER R BOK A AR AR, W 3-3, #EATEMEEE, [BIRGRE
W33, Hp X AEEBR, Y AEIETRLEDHKE,

22



Concentration of 4MDBT, mmol/L

BT KM L 8 3

3%/ HELETE

#32 BERUSYRNRERBASTBAHEXER
Table3-2 Linear regression equations of organic sulfur compounds and correlation
coefficient
&Y KERAAR  |[HXEHR | WxHERZESD| HIEAN
DBT Y =1.02203E-4 *X 0.9994 0.0379 7
2-HBP Y=7.72651E-5*X 0.9997 0.01167 7
BT Y =1.67072E-4*X 0.9993 0.02094 6
4,6-DMDBT | Y=9.0414E-5*X 0.9995 0.04237 7
4MDBT Y=9.80298E-5*X 0.9992 0.05654 7
3.0 12-
Y=1.02203E-4*X g Y=7.72651E-5*X
3 25] R=0.99944 2 104 R=0.9997
E g
55 2.0 % 0.8
% 1.5- < o6
5 g
1.0 S 0.4
£ 051 8 02+ -
O ] 3 4
00 © 00 -~
0 5000 10000 15000 20000 25000 30000 0 2000 4000 6000 8000 10000 12000 14000 16000
peak area peak area
(a) DBT (b) 2-HBP
3.0 a 301 g
Y=9.80298E-5*X E =9.0414E-5*X
254  R=0.99921 g 251 R=0.99951
= 1
2.0 2 504
» /
1.5 E 1.5-. »
1.01 / é 1.0 /
0.5 P E 05{ :
£ »
00+E— — \ . G Y S ——
0 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 25000 30000 35000
peak area peak area
(c) 4MDBT (d 4,6DMDBT
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LKL AR X $3% M5

1.6
Y=1.67072E-4*X

141 R=0.9993

1.2
10
0.8-.
0.6:

0.4+

LVLIVAIU AUV UL L 1, LUV L

0.2

0'0 /'/{"7 L v Ll T v ¥
0 2000 4000 6000 8000 10000

peak area

(e) BT

33 BEWMBMLEY R 2-HBP () GC IR Hi 4R

Fig.3.3 Standard curves of organic sulfur compounds and 2-HBP
(a) DBT (b) 2-HBP (c) 4MDBT (d) 4,6DMDBT (¢) BT

3.6 AN BRI ELH

APRMELR FEERNFZTRIT, OBIERKPET. BELREHGRL
FEY, HPHmEt AR A el — 2 B AR DBT /=4 2-HBP MEXKE

E=N
Ho

3.6.1 4R KL 40 i AR TE A B E

TR AR L A0 A B B AR TS T : 25 mL #EFEME A A 3ml 4R 1B 40 &
WA —EWE DBT, BTEREKRF 30°C KM, [BIE—ERRIEEE, A 10%
HMiEpH<2 5, SBZMIIEXER, 4800 rmin’ B.L04E 10 4048, FEUHH
GC 4.

SRR Pk b 40 R AR TS I E . SOmL H#EFZMEAF A Sml B94RIESH
JRB A Sml BIIE+758%, bn DBT %, BETEEEKRY 30C KA, HE—
SERTJEURE, 4800 rmin” L4 ES 10 2348, HHUEA GC 447.
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BT RS 22 418 3 3 %E MRS

3.6.2 KB & kb HHBLARTE R

JR 88 o S A1 2 FE WK SR AR A R AT R A28 A 300ml 4K 1k
7 B IF RS AR E T 6T, MA—E &/ DBT, 7 30CHEE/KA T RN,
6] KG— 2 A (A BN A, 4800 rmin” B0 B 10 4044, BHUEA GC 2. (GC %
R HIE)
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R e w48 %4 % ZD-19 RAFHHHR

FAFE ID-19 BLAA RN R

WEBE S PRREHRRS B ENHENERN— N EERE. EE
REVEEHLIIINE, EBAARER IR A LR, T ANIXHER AR 8 75 Sk 4
kK, Hit, BYIFERRRENEEBRRAER. MEVBRBEAR ST RN
FHEM, SMEHEARBHELZHAR, ESHRABKENTIFEEE EK
A&,

AP EEL 200 EHHMAEY, HABREN K EY (DBT) kHEAT4
YR ABKEBRBVRAOREY, EINEREREI RS ERERRERBRKIL
FUEY, EWAESERLEYINBRTREE.

AR ELHET ZD-19 Xf DBT il 4,6DMDBT EH MR KB F4FHE, A
T— B EEE K ZD-19 MEFRRYEE, THELEKAS B RE, &I
ZD-19 [f# AMDBT BIF=¥)it4T T 53 #1, FFRAE R T ZD-19 *f BT HIFEMEFFTE.
RIGRAVERKP AT T HARBRELR, HEMRN SRR LEHETT R,
AT —ERF AR MBI R EEER,

4.1 AMDBT 1K # #2947

EEAFARRER, ZD-19 BEBE UM C-S &, %R 4S EgRhk
¥ DBT #! 4,6(DMDBT. 4AMDBT 2k 4 5l 248 5 h & BER & A NN
WEY), EFRF¥E DBT FIENMRY, FEi# ZD-19 3t 4AMDBT KIfifT i b
HITTER.

7 3ml 25g/L B4R IE R B Z M A 0.5mmoV/L #J 4MDBT, 30°C F & T4#%
RF R 3h 5, FSAR L ZEERER, 5000rpm T &0, B EEBAET O .
RINFER GC kB MBI R, HESRTUEY, 5RAFHALE, KR 3 Mt
JEbE%E 4MDBT K%, GC BT 4MDBT ¥, BEHIERZRIES, BF
6.3min F1 6.5min Z£ 4 ML T BN F &, 54 aMDBT HIFEE=Y). WEZE
ZEEAE, MADBRKERE, HELR, HEREKSY. MOKE, /f—<&
LBRLBEBRERIG, BERAH X GC-MS R,

GC i&E% 6.3min 1 6.5min &4 HIMIA MY, MM GC-MS B+
4.31min ! 4.44min Y FM. BTEFEEE R, 6.5min BRIETHH 4 FE 2
FEHEM(E 4 FEREBE), R ZD-19 L] LLEE 4S 845K 4AMDBT #j C-S i
A, ERBAHANKRERARY . 1 6.3min RISV EER S 4 B 2 FEEHH
e FUEEN R, RIAREFRESMLEE, W 6.3min KEF=WN % 4 B
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Fig. 4.1 GC spectra of DBT and its metabolites desulfurized by resting cell of ZD-19 at
various reaction times
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Figd4.2 GC spectra of dMDBT and its metabolites by Mycobacterium sp. ZD-19
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Fig. 4.3 GC-MS spectra, with retention time at 4.31 min, was shown to be
4-Methyl-2-phenylphenol its standard spectra.
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Fig. 4.4 GC-MS spectra, with retention time at 4.44 min and standard spectra of
4-Methyl-2-phenylphenol.
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Fig. 4.5 GC-MS spectra, with retention time at 6.32 min, were shown to be 4sMDBT and its
standard spectra.
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T AL 3 54 % 2D-19 SEHE RS
4.2 RKHEA R

BIHASCIIA R ZD-19 SEHFHEW th A R IR YRS, ARFFN bl %
82, LRARKPNZEFEGBT)HEMREEHITER, RN®TTERELR
Xt

JKAESEEE: 3ml 10.2g/L fIRIEAMEAMA 0.5mmol/L ) BT, BAREE
L5 GC M5E BT ¥R, 154 R Oh FIAES: 78 3ml10.2g/L MK 140 M B VR
BIA 0.5SmmoV/L ] BT, B F 30°CHEAKRS AL 5 /M, [F BT 7E 3ml B R 2 4 (PHB)
FIMAFER BT, ERAMEDNERT, EFEKRFEXL sh.

PSS : Sml 10.2g/L MARIEA RERMAEAF & 0.5 mmoVLBT MIiE+
ANEE, BOENE BT ¥IGGKE; 7E Sm110.2g/L KK IE AR BRI SARKN S
0.5 mmoVLBT MIIE+/kt, BF 30CHEKF KA 5 /Mot, FETTE Sml BEEREE
J(PHB)F I A Z A4 0.5 mmoVLBT HIIE+/55%, RFEEMSTIEXR sh, Bl
EE. BHEE 3K, ERNTE:

# 4.1 ZD-19 Xy ) RE AR
Fig.4.1 Biodesulfurization of BT by ZD-19
7K AR SE 4 (mmol/L) P #8555 (mmol/L)
1 2 3 FIME 1 2 2 SFHE
AL RN Oh 0.56 0.58 0.60 0.58 0.55 0.57 | 0.53 0.55
HALRM Sh | 0.028 | 0.021 | 0.020 0.023 0.55 055 | 0.54 0.55
# K 5h 0.040 | 0.043 | 0.050 0.045 0.53 0.56 | 0.53 0.54

GRBR, EFRMLRPBTERK S RMNShEEARKERD: TEAMEE
¥, RMSHEBTREHERD, RE®EREENMRNHPHBHHBTL AR
Wb, WOBESIEMRY. Bk, SRMBWZD-19FFREMREEH EY, X
AR TER M BIBTR B A=W S, FIZER 0B A RY#IT
Rr, mEn A BEMENESE, BEREEHBTRSER™. L
AT AR FZD-19R5EBTHIRR 7 BBE T HER MR M. ZD-193F NEEFE MR R H
TR T e R B T — R,

4.3 AT P ZD-19 By s H
AU SRS S BRI K AR R AT 0, ELAAR S50 o 40 L O B RS o
MG AVIERE R LIRS, EANBREE S REESMBEE AT
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Fig.4.6 Desulfurization activity of resting cells in oil phase

30°C, Coppr=1mmol/L

ZREx, EKEMBKEHENFTT, BEMARKREREM, RNERR
2-HBP #4e88in, (ERGHRIFEECI=Y 2-HBP AL E A B K4 REERR)HR
BEE A MR B S IO R e 3 . ZE /KA BOE B 0K B H BLZE 10-20g/L Z (8],
R B E R AR 0.061mmol/(kg.min), b5 BN MK ERMBFHERK
AR, RTUHEIATREES. ElKBES, HRKRERXS 30 gL B, 2-HBP 1)
BAEBAEHE R AP 2 15, MEARIKRE MR EE R EATRES, B
| R7E 10-40g/L MR E M A R A BB TR E . CRERE R, BEX
M E/D, R DBT ZE/KFHEMER, RS RYEEMBERK, EhE
B, RRENARSHEIENERERRD, FERET 54 DBT Kk
ME, FMEKEAKEAREREBREQLBRE S YERKREAEN, 4
M5 R AR B AR () B Bl R AR IR A T, mRiE et EF, B HEBR
Eidmet, WREHRTTRE. TRERNEKENEBRARTER, FHE
DBT BT BTN 0, MEi#. Fik, EKMHRSES, NEBERSFAKA
EER, BERRKERNLEFE 10-20g/L £H.

FIET R 4.6 i, EMHRSHT, HKBEHMBRIEEAZKFAME, X
W IE+ AR (i B kst DBT RIAENE. XU H R —
R A=Y 2-HBP 1% 5% F i, 4 DBT S0 RN AE K 2-HBP B, KA/
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BT K203 4 F ZD-19 HHAF A
2-HBP B HARTR L, > T P W) e /K AR B o B A T Bt 6 0 O3, =
RMAKFIER S DBT WEMRE, BIIR, BHRES, LYRBEER
HAEK A, IE+7/ kehéiR 5 DBT R4 pa4h 15 ik Y, 4R & T DBT
rF A AE.

4.4 R b2 A0 45 R 09 2 W SE 1

4.4.1 &K 20 o oy AR A 1t 3R

S BAFHEZD- 19T IERKF 4K, 30°CTF, LLHMABE, UIDBTARE,
BEHREANNRHEBIRENEKERNB S P ARIRE . AR RS
MM KAFFEAT T B 5.
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B 4.7 SAARNBREERS ZD-19 4K iR
Fig. 4.7 The time course of ZD-19 growing with DBT as sole sulfur source in
reactor or flask .
Reactor: 30°C,Q=200L/h, Cyce=0.2g/L,,Coppr=0.2mmol/L
Flask: 30°C,Cooen=0.17g/L,Copsr=0.2mmol/L

W 4. 7% R R A8 40 A K B 2 SRR SL I B 40 A K 2 AT T L
8. fE35hER, RNBAZD-19EBEREKEN, HNBEXAEKERS
0.15g/(L « h), #HIHEAIRIIE 218, 1g/L, 73 Hll 2 #E PR S48 TP 48h i B K b AR K B
FGH I 1. 4REF02.348 . IEEER, SAXRMNABESFHEMLLRERNUZERN
WRMNHBREE, FHRITREREMN R MALRR BTG R SR SRS R
B EVARARE. SARRNEMERRERFEXKRS T REARREX
2, T EARNERBAMUREBERE, EHARAEKERTREMNES. —
sepF 57 R ATV I 2 i 88 P A0 B 40 T R FOIR R, AR, BRI TR
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S, FEiL, MERRTRHEES T, SRS A ZD-19M K E
BRKRA, ARAEKBERHSHIME. RIVEFES LN EDRELTIN
HEHEFR.

4.4.2 1k b 40 o B SRAE 1 e 3R
K TH—SERZSARRNBEEYBERTEBOMLSE, TREITTRNERS
47 Pl s

—o— flask 104 —o—flask »>
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Fig 4.8 Desulfurization of DBT in reactor and Fig 4.9 Production of 2-HBP in reactor and
in flask in flask

Reactor: 30°C,Q=300L/h, C.=12g/L,Coppr=0.97mmol/L
Flask: 30°C,C.=12g/L,Coppr=0.95mmol/L

M DBT (RAR H £k E, RS, 0.95mmol/L # DBT KA 10h A4
JitBR, AR RILH P DBT MMM EL A 78.4%. 2-HBP K4 B f£5EE DBT
RIREMRTOARETIE M, KRS8 2-HBP MAEERBARLRERAE —EMRP.
fER 2% 2-HBP HIBR KA ES DBT HIMA RS, 44 0.98mmol/L, ik
RERELR 2-HBP BRI M 2 . X Rt —DUER T RN BFX Y AT
R .

ZD-19 %t DBT BRI R T 145/ 4S 1842, © 7T L% 2-HBP #— 3 RN A
B2 BEEBE (AMBP), M T 4S B, XELRPHFHRB, W
B, 2-HBP WA KRS — N B mE R H AR, MRMRAT TR
¥, XIERBT 2-HBP #— S HEAREMAERT 2-MBP TE/KM. ERHET
ZD-19 KIFF[E R4, L+ DBT MR 2-HBP KA SHE R FIEHMINSR,
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RN 3 U478 % 4 B ZD-19 EERFHERHA

XA RN EHEH MR, BRTEHAZEMAL, wLE 48 Fixw,
RKSLW RN ZE 10h B DBT /D> T £ 0.8mmoV/L, ffj 2-HBP 4K B & KRk 3
0.5mmoV/L, X M TEHMEFE S RIFEFLE. XHAEERH 2-MBP B AERBRBER,
(% 2-MBP K4 i 2 7E DBT B4 M5 284 2-HBP R BB AHEZ EEHINE
Y, sSciRHER, X—IERRRZMAMRN DBT KRKHSHEHT, HHREREHE
XRAMEEESHERLT], XBEREMSER DBT FELRNAHED. 5
A, BRARBRERAER DBT HRE—/NIR, B\ BEER “4S” B2,
YT EB A=Y, NTTSRRER T RN T KESTHEEER K
AT, XERXF “BE” BN EEEAE. 7R M 2E R HERA
EASRERHTRES, HEERBERAEMES T S AEE, & T BN
Ve, seie sk B Bon RMAES DBT MDA 2-HBP 4 A7 IR B Al S A< <7
15, % DBT BEm2EA HARTEMRR.

4.5 KB G

() %87 ZD-19 %f AMDBT # BT HIiGRfF1E, 4R KW ZD-19 gt —
YL EI%T AMDBT # C-S 8, HiiF 4MDBT M ANKREH, RiHIRFE
EWRMBREETL, HEEWABANFES R 4 B2 XEXHN 3 FE
2PRHEBE, TREFERZD-19 HAREREBREFEY

(2) ZD-19 ZEMK AR B E RS PBERESE, XEERTREERKES
M2, BEFMABRERTER, RaTHAROFARE, BSEBRIKERZE
FEREMBRmRETE.

(3) B F R B 38 7E 4 K 40 M B AN Pk 1k 40 L AR AR 5 B o AR R I A B B AR
Bo RPLAE A AT A B K b AR KR R AN A R P 43 Bl R BIR SRR 1.4 50 2.3
&5 BB RP, BRTREAATRAMBMREYE, KN 10h, ImmoV/LDBT K]
BERAEIXE] 78.5%; SAXRNBERFTERMBBEE, RN 100 B EELEXR
PEfEEA.
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BT K2 AR 3 B5E RNBEYRRIBETIERENER

F5E RMBEMBRIBTILEHFNSE

EYRRTEN KOG EBRREH M EHR, FLTBEAKFREFREFR
. REBKPERKEFEHMRMEHORE. REFORLRTRIEER
R RHMARESE, WELENARE: TiXHPRESSRMEHRERREL
FREERT, WRBEKEERGRTED LS RRETHEE, NS T
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BEBRBEMRATE. SEE, IBEFBEUREFER, RYWTHE
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EVBHRIARTH—LLESHHTTER, ARESHRBEGERD, SHEER
WSt R R AR AE MR R BT A

5.1 PR AR L 40 B AR B B

7R R 300mL fIIE+ 758, 300 mL AKIEARBER, BBRKEY
A Ng/L GAXF/KATE ), DBT K E ImmoL-L, B SEH 200, 260,
300, 330, 360 Lh' BEMMNMERNSE, RN—ENABE, BOFE#FSHES
¥r, ERWE 515052 iR, BRIFHXEEMAREERRET .

ERMNBHZAAEEREP, BEFETKME, DBTREETHIME, BANSHE
R ARTER NI S VUAKAR S, B AP HIDBTHEE KA AR

1.0 . 1.04 Gas velocity
a 091 \ Gas velocity —m—786cm-s" /\A
S 08- _._- —8—7.86cm- S 0.8 —#—102¢cm-s” A 0/0
% 07] - —2—102cm-s’ __‘_“_scm_sl/ o/ “y
g 064 0.6 v—/f
95 0.54 /; / .
g 0.4+ - 0.4 A// /
E‘: 0.3 —A—118cm- S 4 / ./.\i
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Fig.5.1 Effect of gas velocity on desulfurization by ZD-19  Fig.5.2 Effect of gas velocity on desulfurization by ZD
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WL KW 26018 3 B E RNBEYHEBRIEFTERENER

W REfR, BRREPHM. BESENK/DAEEMDBT A HENE W, BKE
MEEHT EAEPHEBER D, SBZEOHEERD, HERER,
SERNMRS . BERWSENYN, EFAERay<Eosm, & 28m,
BARTEARE B INR, BARREEMRS, EFHEEERMR, EH0RNEEM
Nnth. AEP A EH, LESEM200L/h EFFFI300L/h, KIS EMT. 86cm/s
EFZE11. 8cm/stitFE, K 10hIDBT YRR MASKIR B FI100%. X438 S
BEm, RWKEEBRKMEN, HFSBEZEAAEERRT, MEHF
B hASEHLEEM; FE, EESSENGERERAGEMN, KEBZNE
WEVFRI NG, WA IMENEEZS TR ENSEMER. Fik,
BRASET, [REEF AR KEMERS SRR K, ERFH
FEEBNRER, BRXRRT T, mEFR, %ESEFZE330L/hAt, DBT
P B2 A2 3 2R 1 2-HBP A A A R A0 T-300L/he FR4E 18 il < & A 360L/h, BLEF &
MAERIE 4. 2cm/s, W 10hDBT R FEAR B LE300L/hi PEK T 14. 5%. AR T,
WA EH300L/h, RMSEMLL 8en/sHT R AR BT, W RGERTIHRAR
WER, BRMERELEFRWERN, RLEROBISEE=ERTE
11'31[75,76]°

MDBT ) B A it 2% B AI2-HBPRY A AR B R BB AT B i, SRS A, MK
FEWMSETF, DBTHEDF2-IBPAERBFEBRRMATE. JRMESRT
11. 8cm/ B XFPATFHEIAZ MG . FEUXFPIRL KR F o] ok 2 40 ik HER
THERME T RREHKE SRKE S, FEUTFRARKBRMER, 4K
BRI INB—ERE, WEFRIRREIEA R RRHERRSS. Fik, E#T
AR, 2-HBPRIAER A EE S A MTBALRAMEESNE THRNMBLER,
BRI IE T KR PZEE LI, W] L3 FADBT) 7 th £k 5k 2-HBP Y A: i ih 28 SR %
.

52 KNG PR

R A AR AL A K BEIRTU A A AT A KE BT A, S iRaER
RERSFAREETAREZ MK, LRHFVEKTRIEFEBSM)MIELERS
R (pH=T7.0BfMREMT¥HPHB) 154K, UETARABNANRGE S Gk
EEN1.0) , BBEAFRKAEN FAFZD- 1985 A EN L.

E5.3 0 R ML FEFDBTHI AR dh 2 f12-HBPHIE S i 2k . 5 REH, 5260
IR T AT HEZD-M2BE AU, 4 HAFEZD- 1978 E KA A A KA T F
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Fig.5.3 Effect of aqueous phase on desulfurization of ZD-19

30C ,Q=200L/h, Cear=1 2g/L,C0DBTz1 .0 mmol/L

5.3 ki Ak E

REEHMHBREADBTIRE—E, SURKAPHARE, HEAHARIEAR
WP X B AR ZD-M2 R B 35 1 B0 2 (G K AR R AR L A 1:1). K AR 0 IR B 43 5 K
5.17. 11.9. 16.8. #120.9 gDCW-L", 730 CKBEMT, BESE200 Lh'#1T
KRR, Sh—Er IR, B, SHEM.

R MBS 4B~ NEFETLLEE, BEERIEHRKRERIE K, 774 K2-HBP
Bz 0, BAKE20.9 gDCW-L'H, 1mmolL'MIDBTHAMMETL.

FEMKBAMAERPRTEYLR, TREFEERFEN, BRRERREHS,
MIAFFEY DBT WEHAEBIEDMETIfER. BREERN AT, #E
YA G E—BREEEN, XERMBEHFOFEEFTRAMILE (EIR
S MNRRLIRRPWER)  EEHFRETERN, FERNRIOEETERD, F
FUABK ML, FrUARBMREARTF. KAEATFENBAKRE—E, KETEMN
BRI T KA PR R, NTFRK T BERMBB R . RIS R S,
ERET, RIMKE2MARBFRERIAR—KHAE L. SR10,7E &K 4 e,
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WRETHRSHERAAETRRE], W EDEAT SHHAE—KF EEA R
8/E4) DBT.
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Fig.5.4 Effect of cell concentration on desulfurization of ZD-19
30°C,Q=200L/h, Coppr=1mmol/L

5.4 DBT #0% %% %

Z—HRRENESE, %% DBT KEH 096, 3.16. 541 mmol L' %%
DBT ¥ BN s R W . SR WE 5.5 Ffim.

B4 R KL 10h JEA[E DBT #I4HKEE ~ DBT HIFE#E. WL, DBT K
FEM 0.96 F+#ZE 3.16 mmol-L! i}, DBT K5 BEEEM 0.94 Ft B E 1.48mmol-L”,
BERESENENTEES, M 98% FFEE] 47%. /G445 DBT YI4GKE
ZF 5.41 mmol-L", DBT fEMMERHE 1.04mmolL, FEMEEHERE 20%, X
B DBT X B A RIBL AR 88 R MBIMEA . ik ERURET, B DBT WA,

Concentration of 2-HBP, mmol/L
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AHUESK A DBT W ERK, MR &4 Tt RE R K, #{E4t T DBT
MEHREI AR EE, TMHIERRRER, MRS T HEEER. 4 DBT
HIREB B, WTMAENMBERE IR, ERESAREHER, WMHIE
FAZ AT AR BRI, ST A o e 2 B AR

mmC,,
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55 7R DBT #IHIKE T KN 10h AR AT

Fig.5.5 Effect of concentration of DBT on desulfurization of ZD-19
30C ,Q=300L/h, Cccu=12g/L

Bk LRE, TRAMT DBT HIEEWKE K58 N K S8 32 = DBT R F#A#
ME, HiNA, BEESE 300Lh F, 12g/L B8R B IE ik 3
0.162mmol/(kg - min), RBKBERIRBEER 1.5 £, B 84 900 5k AR
HTEREENRBEITRSWRE, LBESME. FHik, ¥MnAREELE
RBOAE, MR DBT IE B L LR KR, K4S DBT Xt
AR BFHEERAEMAE, BRERAERR.

5.5 RENE

1) EBETRITHRARRNETEYEREETNEH R DBT, RIASFHAR
RNEGEFEAREFER, LR B L RA B K. ELRTIENE
BT, BAERWEEA 11.8cnvs. RMERIXE 13.0cm/s B, HIBRHAEER
RE, AEEREK, ERURITHER.

2) ZD-19 fRIEARAEE RN GEFE) MIEERNR (BRE SR
th BH JLE A RB BER S

3) RMBERIKE TANFAHRED, ERERK, B DBT 4 RME
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FoF KAKKBLE PRI o i B Ae

Lo BN B AMEBSZ—, HAEIA5000 ppm. FEELLMEER
BRELP BT G LB ARTI N, BRSPS B R, KiE
SHRRAS T ERFHEY BTN _EHEY (DBT) RE&MEERAY, K
BT4: 5 fii ks, DBTRE L EHUAYIBR AR, DBTHI& LB X A4 F 3
T FFWEWY (4MDBT) F04, 6 FF 2 — K H-BEWy (4, 6DMDBT) FI R EE R K .

MEARKEHUDBT AR E R B EKBE T R E R &S M E
Yy, T SERR AR BN Y TR 2 — M EE L R R ST 20 & Y -k DB AE
“R, EEEVBRBANORE KRS, B 54D BURT K R R thE
WL, HPFEBRHEANFE: B—, IEDBTHINE AERIRE BT KT
R: B, HERARHSREMNEDETRXN ZIBTHR. BB FHRTE.
EMRAEEEREIEE, B, BOPHANMANTFERHEIRLEDE
BRI AR T BB AT R, R TFHEHGRE B A R R E R .

R RIS BB ZD-195DBT R HE K A B REEM R AR, K
DBT, 4MDBT#14, 6DMDBTiZfR4SiE2 & — MLk, B—HEFR MAHRTRIE
B ABEFHLUE+/SEEASERIMAR, #DBT, 4AMDBTAI4, 6DMDBTLAAS R 5 3\ ik A7 4k
SMERE LR, E%TDBT, 4MDBTHI4, 6DMDBTAES A= R N B E MKl R4+
A R A 1

6.1 DBT K574 4 oy B s et

ZD-19 %t DBT. 4MDBT A} 4,6DMDBT #EE R ERIRFRiENE . RLRAE
AT R 28 43 B =R A K B A R RO R B E T T 5 82, BRImE
6.1 FinRIFEfR k.
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Fig. 6.1 Courses of desulfurization of DBT. 4MDBT and 4, 6-DMDBT by resting
cells of ZD-19
30°C,Q=300L/h, C.=12g/L,Cocy.pp1~1.0 mmol/L

ZRER, fEH/KMHERF, L DBT. 4MDBT 5 4,6DMDBT 4 #— &4
HATEYIBERE, ZD-19 HAFREMBRMEYE. DBT 7 10h B 22520k
4MDBT . &7~ H R BB RER IS, RNZE 12h 2B E WA E] T 100%; 4,6DMDBT
RMZE 12h BHECEHER T 87.6%, BHRETEEIX 0.103mmol/(kg.min), &KAHH
[ 3.5 %,

AT ZD-19 BET RANAG R, EXFRMhREER#ER DBT Kk
BAYBRIALR R EETRIEE . LRFERM, IMDBT KM% 5 DBT 41
Y, ERAERNFHEHBRAHESFEBEEE. X065 IMDBT MFeH5F
EHMEBHREEEHERX. IMDBT R=&F+TH—BEFANRS TFEMNLE
Y, EMRBEDEFHRM, XTRERNMRERNMWEERE, FHRAEBKA
4MDBT AHREMERNE, BRHTFRMEMARE, CRANKFENE
TR ER{LT DBT. HEkiiiLAy 4,6-DMDBT EH B XK S EAHE, ZEKHTIR
BRI, WEHARMEBERRSARRNENRBEER, KKIER&TH#
JRRE, 1418 4,6DMDBT L AF T RENERE,

6.2 BB Wty BLsh s i

FESPbRmmmie e, FHHRASYRUSFHEAILRFER, BEHHR
ZD-19 VRS WHR TR A T EEZNEN.
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Fig. 6.2 Courses of desulfurization of mixture of DBT and 4MDBT by resting cells
30C ,Q=300L/h, C“":l 2g/LaC0Cx-DBTzl .0 mmol/L

Bl 6.2 4 DBT f1 4AMDBT RS HIREAEfhER, 45 R B IKERH ZD-19 AL
sSemiA R P EERERBGREY, RN 12h i DBT 1 4AMDBT H B EAEE
100%, 5WERAR—RYRNNBRERETR. AERNEZHT, WA
2mmol/LDBT B, RN 12 M JE, BT EZR BT EHN 96.0%
1mmol/LDBT+1mmol/LAMDBT %4 & T M T E LR EEER 4 MBS K.

B 63 & DBT # 4,6DMDBT BEMKMEME. £4F87x, DBT §
4,6DMDBT & RN, KN 12hDBT E25% LM, T 4,6DMDBT &F4&
0.26mmol/L, X AERE—KWHIT RNV ERERET 18.7%.

MNHERHEIRL S FAFENERER P B, FIRULEYERESHEF
PR BRI, SEAEREYBRTHOEREEEEERR. MEAYRE—FE
A RFHERE (0 4MDBT), 88 ZD-19 SHZEYH BB MEFE, NAEN
R R HAEAZ| 5 DBT AHSMBERAR . 4,6DMDBT &8 —fF7ER BBk
H#{LT DBT 8 4MDBT, #i#MHX T /5% &, ZD-19 X} 4,6DMDBT HJk £
. BEUERERS, EHRHBEREREIETD, AMDBT A4 5 DBT AHAME
G, RBRFEARYNEERE, T 4,6DMDBT EEYZFHLETFEHE, &
BEHE TR,
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Fig. 6.3 Courses of desulfurization of mixture of DBT and 4,6-DMDBT by resting cells
30C ,Q=300L/h, Cc,n=12g/L,Coc,.DBTzl.0 mmol/L

6.2.2 DBT. 4MDBT #1 4,6DMDBT 3t 7 Bt ) Ji 5 4% 14

2 — % DBT. 4MDBT 14, 6DMDBT 3t RN ARG HH#T T
%%, 1l 6.4 FiR, % DBT. 4MDBT 1 4,6DMDBT #8fA 1mmoV/L ff, B
MEBRRELHERYAERTHE TR, X+ DBT # 4MDBT {348 RFAHE #f5
BE, RMZE 12h AREARERFELER, £BRESHHD 74.0%F 69.5%:;
4,6DMDBT ) £BERE 39.0%, FRBRYBREH 42—, WE, FRTE
BIVIZE BB 3mmol/L, KR 12h BT EM B ERELN 60.3%. FFERMEH
T, ¥IHENGLEY A 3mmol/L ) DBT W(@NE 5.5 Fi’R), KM 12h i DBT
ZBRT 47.6%, LFEVIHERITESENRERRAREET 21.1%.

fERE 4 ZF, DBT. 4MDBT #1 4,6DMDBT {15 FRZE 574 74.0%- 69.5%
39%; SXEMBERAMTEL, BERRPEEINHRUEOHHERBR LS
HAEBEMA R F MM N, e, DBT. 4MDBT H 4,6DMDBT HIfE5iAE 7 »
A =EERYEFF SRHEBRE &8N, KX A DBT>4MDBT>4,6DMDBT.
5XEMERFE AR KR 4AMDBT KB AE 1K T DBT, MEXURY) &
RPMBEDERS, AMDBT #1245 DBT tHAMmER, HEFH—L,
SN, —75E, BESTMEM, RS RS m, 4k
EHETRE: 2, ZD-19 FI9IMLEE 5= 2 UL DBT AME—RURN, FtAREEH R
MItER T, BBIBENI4E 5 T 5 DBT &0,
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Fig. 6.4 Courses of desulfurization of mixture of DBT. 4MDBT and 4,6-DMDBT
by resting cells

30°C,Q=300L/h, Ceey=12¢/L,Cocx.ppr~1.0 mmol/L
TR RS ERREHIARF, DBT. 4MDBT H 4,6DMDBT #— &
BEFERNERERHITLEG, WTFRFR:
& 6.1 ZD-19 1L XA R A AL S DR IR B #

Table 6.1 Desulfurization acitivity of various organic sulfur compounds by resting cells

BB R VEHRTRER B ER

(mmol/L) (%)

DBT 1 100
BIRYMERELE | AMDBT 1 100
4,6DMDBT 1 87.6

DBT 2 98.0
WEYMAZ S | DBT+4MDBT(1:1) 2 100
DBT-+4,6DMDBT(1:1) 2 91.8

DBT 3 47.6

BEHELE | DBT+4MDBT+4,6DMDBT(1:1:1) 3 60.3

BAGHERIR, ERAESERSHHRT, REY DBT MEBREERT
BERRPRITEELRE, WX 6.1, 3mmol/L ] DBT KW 12h % T 47.6%,
TMREERNRTEEREILF 60.3%. XA REHFANTERIER: F—, 4AMDBT
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#1 4,6DMDBT Xt AR FE KT DBT. & 5.5 A& H, DBT ¥IBKE
X3 3mmol/L B, XTI FHEERB AN E, BN EIHT#. % 4MDBT
# 4,6DMDBT 4 LI ZEEAEF KT DBT, WA LAMREMMIEE, MABRE
B#E., $—, 4MDBT BF 5 DBT MIAMBMME., TRERBLER, DBT Ml
4,6DMDBT KRR AR B ERE N 91.8%, LR 44T K8 EY DBT E{K

(96.0%), i DBT 1 AMDBT SR ER BB ZREH 100%, LFELHTH
BIEY) DBT BE®E 2 MAT . ARUARBLIRE, §F 4,6DMDBT HiR&
EEMBERBRERREN®, Wé aMDBT fiA %R 4B L — DBT EEIIER
%, XIERHT ZD-19 5t AMDBT EFKEMEFEM, £RRKT DBT HH/EH
MR, EHET ERRBRLSERE.

6.3 KENG

FEFEHMEHPE BERAXNBAELRA LA SHRLEY, £5ARRN
B, AT T BRI Y B AR E R AT

(DBERM R LRFEH, ZD-19 X DBT. 4MDBT # 4,6DMDBT i i 4%
714 DBT~4MDBT>4,6DMDBT.

ORI GR LR AR EBR LR L RRH, ZD-19 X ZFEHGSLFH
BB R B, BEARITHMARR;

(3) 4MDBT WImBH AR AR KENE, FRESHRTHRRER
EFH,

48



A TR AT BTE GRERY

FTE ER5REN

AR R T B ERALA SRS WA AR SR, ESAXRME
FIFR T ERATUREL S MR A Y BRI AR A RET R IR SRR
B, FFRT BERREH MG ENNA G ROTR: AANENRLED
FIREERHET T, ERERANIEPER T EHOERSE, HHETTS
T 2R RS P T A Y R B B T AT P RS S e ) B B A, A AR R B Tl Ak
oL P SR A B R SR AT R B

7.1 4%

1. ZD-19 TEMK P R B A B S RE AT, HEalmE R KaS
W21, ERAGREHTER ReETARMFARE, BREEBRIRENE
REFREABEE. SAXRN B EE KA EGARES R LR AR
DL B RIS 88 R A K A ) B K b A K R A A0 R P 43 3l R HE IR SE
B 1.4 550 23 £&; FAEARY, BRLRAFREOBREE, RN 10h,
Immol/LDBT %A EILF] 78.5%; AARXRMNBEAEEHNIGMER, RN
10h N EAEABETE.

27 BITROH A AR RNE P YRR IE /SR F 8 DBT, RIAAAXKR
N B (R B ARIR & FAE R, LLBARIE B IR R B K, ELRTEMEHT,
BERWEE R 11.8cm/s. RWEEIEEF] 13.0cm/s i, HIBHATERRAR, B
WHRMEK, ERBRFHERK. RNES ZD-19 A REE KA T (GEFRE)
MIEERN R (BERENERD FAFILFHERMEREE. RNERIRET
AMUFHARE D, EFERK, B4 DBT X ARMFEERRE, BRMNER
%, EREFMT 10-40g/L MEBRIKREHEFTRIFHLLREMER. LRAHT, b
% DBT #IssiRE M, BREREFEN, HES DBT KMEEEREREBLR
ETEREK. SeRHE TR, RRBTRNZES.

3. %% T ZD-19 X AMDBT HIliBisett, 4 REKH ZD-19 Hae T — MYk
4AMDBT #) C-S #, BT 4MDBT MAFHIAIFREM, RSP EEI,L
BRETL, FIBEMARNRS B 4 BE 2 FKERBMA R EEED.

4B EWRBFR LR R, ZD-19 %f DBT. 4MDBT F1 4,6DMDBT )it 5% Ak
& DBT~4MDBT>4,6DMDBT . S 4 B 5% & 5 AR & i A sSE R 3L R R 8, ZD-19
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AW THEEEREHRZD- 19T A HE MK T LA ERMBKF, BK
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1. AEHKOEREE S LR R ENRRBEEERAEE, HE—PR

AR A S, BN EE L F R S R R AR

fEeeS, WmEEEENRAMNE.

2. ABFTEAES & RIVH B R AIAEARTE, AT R B s mh i AR
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3. XWRARRMBHITH . RRTFR R P BGRR NS E R R,
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