5544 4 52 )
2017 4

JEEAE TR AR (A ARBR2RR) Vol. 44, No.2
Journal of Beijing University of Chemical Technology ( Natural Science) 2017

B 20 B K AR B B Rl 2 A XS H R U A = Y
R B 12 HE #F 32

HER ETERT OB OHT O F F O XIE
(1. KRR BB PR S TR, W4 710054 2. FEBERE WPTRERL2AFTSE T, KB 030001)

1 OE. LIRS O JEORE, 8 AL - A 1AL T A T A B OK B ER ORI X SR AT (XRD)
L F AR (SEM) fEHLMZT 4GS (FT-IR) RS B B0 BH ( BET ) 55 T B %o 50 48 K A 33K 1) 445 4 ¥k AR 4 4 7
TRIE . SRR IS i SR A A OK SR A BB R, RICE TG AR 5 B 20 M TIOK R BRORE T I 40 B A 15 9
HITESR 435 BB S —F, PR 250 1,81 um x 1. 03 wm, LR TAIAT] 1. 61 x10* em®/g, {LRENTE 0.9,
29 136 nm BHIT , FAT F= 5 A9 FLAEHE ik 1k — 25 25 5% SR A0 AR e ot 6 19 DU B 2R (9 W BREA T Sy, TE S T 3R A 1
P24 L B BROKT U A 2 LA R B e BRSO, W B e RTA 23. 73 mg/ g, A4 Freundlich %5 R BRHASLRY

SREEIA) : BERRT; FRANMIBOR SRR DURRE; KT
HESES: X712

5E

PUBR RIS 2 W T AR & & K= shia e
F R AT PR R — T AKESY
& B IR T A R AT, DU 2 A R A K
PRAP 5k B TR H i 28 Y, 68 A 25 NI At B 3 Al
SR , PR 2R B K A DU 3R 2K 2 e 2 3R Ak B R
AEBEMAE SR B, 2 # K kY
WRIPUE R IR B T 1A AR YA Bk TR BE- DT
PE R ORI OB E M L
MR ok 1 2 T B L B S T B RE P AR 22 A B
BUK PR IR R IEPTLE A RO B 25 B, HoAT 1%
BN TR AT AL S IR R
W B B ) 22—, R 22 Hh T 5 5 A LA (i
BE AR BEFURTESE) H14F , A4 e T 2 dh
TAFATAI R T2 2 MEAR R A T R
AURPRIRPZE H 453 2, By e R R A7 b S
TR A 72 T e A O i e A 5 19 i
BT ZERMRAET AT o SRR, B S T BERR U

ks Hi . 2016-11-23

HEWH . BE A RBIFIEA (2015]Q5173) 5 Hh Je i 2
ABHIF L 55 2% (310829162016)

W—AEF . B 1975 4R TR

* 8 IR R

E-mail ; yyangli@chd. edu. c¢n

DOI: 10. 13543/j. bhxbzr. 2017. 02. 007

JE R IR AR T A SO T et
(RRZI , HET T PR R FLBR 25 4 1 R T BIL ], e
FEE LN REAE N JERL, il 45 04 1 1 2 R A
IV F L I B39 3% 800. 71 mg/g 1292, 5 mg/ g, EL
A AR T B W B BE

PR JE T B R SR A E Y, SR EE R
AW, TR & RS 47% . Bt sk
(Lar ARG 0 SR R 3t ) e T R D 2 1 AR A e
B Ak 3 B B R, T T U R R 2 R R AR
YelO0  DATERE T R JEURL ) A B A0 R R, A
b == 5 A= W e R I OB B IR [ B A A8k 2 34
Beig e, S5 Pk A E R TR AR R R
il 25 BP0 i AR 0 e A RE 5 H R P AT LR LA
(1) PR A G T 30 o 7 B ) ol 2 i 0 37 P B K 3R
5, WA DUEEE R R A& & AT 1) 2 T B4R
Sy SRk, DALkt ph T T T B 1 B L ROK o 3Rk BT
UGz AN TR B R a5 (2) FEERE AN M Y A A
RIE SR T T P40 A K o 2Rk R H 35 — 1 e 1520 0
R, R TR W B R0 9 43 25 5 (3) ¥ IR 1 e
AR — A B R A TR, 76 9T il £ 1) PR A0 if A
KB BR P EIE  2s i, AT LA W B 3t A R g
B W B 5T, Ay BP0 B K e BR A S 1 WO o e 44 AL
T EE NP TAE A S

AR SCEE A T B A LR (1) 25 R A e 3 2o A P~
HAL =TT 200 2% B B AOK e Bk, ) AR R 73



%28

TR A B2 FEAROK 2 B3R 14 ] 5 B HC o 19 D B8 28 ) WA B RE A 5 <43

Kb SR R A M REBRAN LA R T AL B
240 0 A S P 2 2 M B TR e e [ R i
TEIG I [ T A ST T A B B P B Bk 4
R ST TG AL R B RE SR TY . SR T2 M T Bkt 2
MEROR IR BRIEAT AL, IF 3 — BB T ARk
TRBRXTER IR VU PR B WA W R A7 08 o A5 Al XS
M RE A5 G E IR B B2 IR S 22| )
If s 0 RARE IR IT S e HEAE 3R I58 TRE AT A 1o
A f 221

I AR %

1.1 SKiesrst

FALEE (ZnCly) , R R (HC1) , To/K L B ( CH,
CH,OH) , ¥k 43 Hr 4li, 76 2 Ak 2= 500, fff I B ok
I A b P s Ze BB | 22 BB B A A7 FR A WD
1.2 BPERCR R EKR & &

W B AR T B B AR, B 0. 1 mol/L pH =1
(IR SRR B BRI 4 h 5, B30 JF7E 80 CHET,
ALY 500 C A5 b (1% FHAE 2225
AR AL 90 min, 152 ALEERE ¥ 30 g 5%
FEIERE 5 100 mL Jit i 43800 50% [ S AL ERA TOR
BHEFEA] B 1 h AR R O IR IR TR A R
(B RE R A o TR e 7 T 1 Bt & 58 & T
PR HTRA RSP BY 300 °C SR 2 BB 60
min , f¢ SRR K P8 BT v, T84S 2 A0 g
TR R ER
1.3 RIEFHZE

K L 7 S 3% (JSM6700F &L, H 7K JEOL
Iyl ) WERRE SIS R X SR R AT S (D
max-2200X , H ASH 22 /8 w6 ) XFFE & 47 4544 53 #r
FAREE ] 50 ~90° , FA4fi 3 % 2 (°) /min ; R FHfH BL
ZIAMNETE ( Avarta360 Y 3€ [E Nocolet 23 #]) WFFEH
BEE R #5 S5 TR HLER  KBr TR A 15, SV )
400 ~ 4000 cm ™" ; 2% FH FL A% 4 #1  3R X ( BelSorp
Max , H AFEIRAT R B DFFERE A FLAR S5 1
1.4 ERENRERR Ak Bk X Eh B PO B 3K Y IR B

Fic ) — o VA JEE T R 1R DU B R W IR pHL,
752UV -vis 43 MR T LIEE2EAUER) ) 78 357 nm
AT ZE IRV VR O BE . i 100 mL R R PO 3R R
VWA A b A 25 mg BAANHOOR R BR
W He A O — R TR RE K I S TR o B 2 e BB
FF7E 3500 t/min F &0 10 min, $f K 7E 357 nm
A LR SR A SR AT 3 IR, UL S RG24

S P AE S AT dm o A, et Qi aN (1)

S
-p)V
Q;&#L ()
S, Q, A LB M HOK 3 BR O R DU 3 32 91
B Ik g/ 0, B0 p, 53 00 A WD A6 R A 2 o ¢ ot
MR VR TE | me/ Ly V Ok 46198 DU 5 6 v A
B Lam AT HOR RER A Tt g,

2 Z#R54%

2.1 BAMBKRKIKHORIELER
2.1.1 ahiRk%EH

ARSCH X 5 2 A7 S X6 B A4 B oK e BRI AT
IRGER 30T o L Ay pl B A ) SR A0 R ROK e 35k
B XRD FE3%, i B AT, 260 78 19.3° ~29. 8° 2 [i]
FEAE— B S A7 S e W U A 5 VH i T JIo e T A
(002) FhTAT 26 7F 43° B (19 775 5 W VA & T Jo e TB
S (100) ShTAT , 1hd BF 70 Ak B - Jic Ak — 15 £k T 20 i 743
(1) B A0 LK A R R TE R T 7

6 ]‘0 2I0 3|0 4IO 5I0 6I0 7‘0 8I() 9‘0
20/(°)
K1 BaiERoR Bk XRD [
Fig. 1 XRD spectrum of single-cell carbon microspheres
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Fig.2 SEM images of original yeast cells and single-cell

carbon microspheres
FEEEE 40 M 25 14 R 19—NH/—OH , 2923 cm ' 4b 1Y
C—H {4 2h i Wi e I8 F 1 B th—CH, .—CH, i
FETE,2357 em ™' Fl 1654 em ™" AT A1 AT 068 43 391 %of
N F 0—C =0 fl C =0 #AHZ4E IR 5N, 1038 cm ™!
A Ay T 248 i 5 T 2240 1 2 L AT IR 517, 1000 ~ 650
em ™' 2 [A] A IR SO0 2 Pl T R B TR —NH, I AETE . 7R
FE TS B BELE B ) FT-TR &% S5 80 09 FT-IR il
LA, BT 2363 cm ™' F1 3747 em ™" WG AL LIS A |
3366 cm ™' 2923 cm ™' (1000 ~ 650 cm ' & 2 AN L)
PRI AT 2 TS 2 g WO oS X 7 P 8 4 L
% f)—NH/—OH ,—NH, .—CH, #l—CH, , 7] HI7E
RPN WBe Rk T b i AR 1 BT SR
o M SIUT L5 W) 3 e Ak R o, 90 20 TR I Aok e
Bk, AR SACEETE AL PR R I RE i 5 Ak
JUT A (%) T B B AH EL, 3 A6 J5 A9 B0 40 R fOK e Bk AE
1048 cm ™' F12363 em ~" b H B T W iC I, X6 R F C—
0 J 0—C =0 W3Ry, %S " B 2iEm
ZnCL1E LI i i T vh ZFL R SR R 1 R A T 05
RN, H C =0 Ryl ERF i 2N & A E g
VAT, fel A 0 5 4 [ e A S A AR %) PR R R T, A
TR B PR RE P B o PR R AL T A BB A
v — 7 TSR A 2 220 o B B 40 L ) FLBE AN A

KA IRLALTT ELK e Alad B vp i FLAT 38, 42 w8 2 Bk
5 0 B S i A e AR s 5 — T I, T 2 AL AR Bk
BRER M e 55 A A A R B SCE R, AR TR
I T 2 [t R RS A R 14 PR A T

AN 5Bk

3733
1048 13941609

2363 BALREE
ST 5

1654 3366

400 800 1200 1600 2000 2400 2800 3200 3600 4000
o/em™!

B3 EER: A R A B IO SR BRI £0 A1 L1
Fig.3 FT-IR spectra of yeast, carbonized yeast and

single-cell carbon microspheres
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Fig.4 N, adsorption isotherm and pore size distribution of

single-cell carbon microspheres
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Fig.5 Effect of time on the adsorption of tetracycline hydro-
chloride by single-cell carbon microspheres
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Fig 6 Effect of pH on the adsorption of tetracycline hydro-

chloride by single-cell carbon microspheres
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Fig.7 Effect of initial concentration on the adsorption of tet-

racycline hydrochloride by single-cell carbon micro-

spheres
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Fig.8 Order reaction fitting curve for adsorption of tetracy-
cline hydrochloride by single-cell carbon micro-
spheres
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Table 1  Kinetic parameters for the adsorption of tetracycline

hydrochloride by single-cell carbon microspheres
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20 23.73 26.24 36. 32 0.9906  0.9847
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Fig.9 The Langmuir and Freundlich isotherm curves
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Table 2 Langmuir isotherm parameters

/K Qu/mgrg™! Ky R
298 28.5 0.193 0.9767
318 31.6 0.252 0.9718
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Table 3 Freundlich isotherm parameters

T/K 1/n K; R?
298 0.3159 8.4851 0.9878
318 0.2955 10. 0186 0. 9885
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Preparation of single-cell carbon microspheres and their use for
adsorption of tetracycline hydrochloride

GOU HaiGang' WANG HaoNing' YANG Li'* LI Feng® GUAN WeiSheng'

(1. School of Environmental Science and Engineering, Chang’ an Univerisity, Xi’an 710054 ;

2. Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China)

Abstract; Single-cell carbon microspheres have been successfully prepared by a facile pretreatment-carbonization-
activation process using yeast as the raw material. The structure evolution of the as-prepared samples was character-
ized by X-ray diffraction (XRD) , scanning electron microscopy (SEM) , Fourier transform infrared ( FT-IR) spec-
troscopy and nitrogen adsorption-desorption ( BET) measurements. The results showed that the as-obtained materi-
als were composed of amorphous carbon in the form of a black powder. The morphology of the single-cell carbon mi-
crospheres maintained the ellipsoid shape of the yeast cells, with average diameters of about about 1. 81 wm x
1. 03 wm with uniform dispersion. The BET surface area of the single-cell carbon microspheres reached 1. 61 x 10*
em’/g, with pore size maxima at 0.9, 29 and 36 nm. The adsorption behavior of the single-cell carbon micro-
spheres for tetracycline hydrochloride in an aqueous phase was also investigated. The adsorption of the single-cell
carbon microspheres for tetracycline hydrochloride followed the Freundlich isotherm model, with an adsorption ca-
pacity of 23. 73 mg/g, which confirms the potential of the single-cell carbon microspheres for use as a practical sor-
bent for the removal of tetracycline hydrochloride from water.
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