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Controllable preparation of FeOOH with different crystal phases and
its application on selective reduction of TSNAs in cigarette smoke
CHANG Xiang, ZHENG Xiao-man, WANG Wei-wet, ZHANG Jie, BAI Ruo-shi,

ZHOU Jun, CAO Fu-jun, XU Tong-guang "
(Technology Center, Beijing Cigarette Factory, Shanghai Tobacco Group Co., Ltd., Beijing 101121, China)

Abstract : Based on the precipitation principle, three kinds of hydroxy ferric oxide nanomaterials ( FeOOH) with
different crystal phases and structures are synthesized with divalent ferric ion as iron source ,which are used to reduce the
content of 4-( N-methyl-nitrosamine ) -1-( 3-pyridyl ) -1-butanone ( NNK) in cigarette smoke. The prepared FeOOH
materials are characterized by XRD, FT-IR and SEM, and the interaction of the materials adsorbing tobacco specific
nitrosamine NNK is studied by infrared spectra. FeOOH with different crystal phases and structures are added into the
cigarette filter rod as harm reduction materials. Results show that FeOOH can reduce obviously selectively tobacco specific
nitrosamines in cigarette smoke, and shows selective differences on four kinds of non-volatile nitrosamines. The highest
selectivity reduction rate to NNK can reach 25. 03%.6-FeOOH shows the largest ability in reducing NNK release amount
in cigarette smoke, followed by B-FeOOH and then a-FeOOH.It is found by FT-IR there exists chemical bonding effect
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between molecular of FeOOH and NNK.
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X% SM—450 H 2k X MHHL ( Cerulin) ; 7EZ&
SPE - = 20 AH €435 3K H] 4 (online SPE - HPLC -
MS) ;3% 5 HL T 8T (JEOL JEM=-2010) ; 145 H 1
BB (Hitachi, SU-8010) ; i B i A5 4 2T A1 S 1% AR
(Bruker Vetex 70) ; X 5 £k 47 5% ( Bruker D8 - Ad-
vance) ; 4 H 3l ¥ B AL 2% W B 4 ( Micromeritics,
ASAP 2020) .
1.2 KA E
1.2.1 RE &4 FeOOH 24 K AH g A%,

FREL 7.969 6 g -1 e Jk 2K fith R 01 I 1 it T
2 000 mL EETKH, FFFREL 222. 416 ¢ (9-EKE
TR A R FIRA R A (A) | 78531 HE i 2
R 58 A2 A, TR A 1R R PR AU 15 ~ 20 ming,
FREL 80 g IR BV T LB F/K T (B), ¥ A Fl B
2 PR TRIR A 5 5% 2 = HUpeIi B 51 2 1 7
TR FEE 90°C 140 1 h, A4 2 i hin X4 K 2
200 mL JE{E N 1 mol/L [ABRFERENIA T 580 mL, 4%
A% pH % 3~4,90C N#A [ 3 h, BHEEIR,
PUEZE O P, 80°C T4 24 h, F 5 155
AT AR R a—FeOOH # KL, B-FeOOH (1)l £ 451
5 AR, BT R R it N 160 g, R =1 ) {4
FZHHE N 1 mol/L AR IR ENIA T 800 mL, I #E 1A R
pH % 7~8; 4% 6-FeOOH W1 vE I o b & A4k
B, R U < 1) AR R T N 2 mol/ L Y S AL A
TR 800 mL, HEEAR R pH A 7, 8R 5 104K 2 FP 43Ik
XA /K 200 mL,
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MR 254 53 B 2k H1 7 [E] Bruker D8~ Advance
R X FHEEATHHAL (XRD) |, 73 B 502 CuKa H14k,
# K 3 kW, A =0. 154 nm, HLJE K 40 kV, HLE N
20 mA ; MR IE S 53 AR I H 4 Hitachi HT-7700
R 5 e 45 (TEM) F1 SU - 8010 494 i 7 2 1 B35
(SEM) , LA B R R 100 kV 5 AR LG R T
FEURNFL A3 A5 43 B 2R FH € [ Micromeritics ASAP 2020
R4 H S Ak 2 A, VR AR BE (77 K) TH
R BRI R AT I 5 A ORE Y 140 O 45 A b
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(FT-IR) 2K JH 7% [ Bruker VERTEX 70/70V #I{# HL
AR e 21 A0 6 35 X, 49 45 3 B F S 4000 ~
600 em™ , FAHIREL R 8 WK, A HEE R 1 em™,
FeOOH A4 8HFT NNK 43 8] (4 46 B AE F B9 0F 5% < K
50 mg £ HRHINAF] 100 mL 10 mg/L B NNK 7K
VTR, 4R W BRF AR, 0 0 8 A 30 A [T
MGIR TR T A ERERAE . B0 S JAR A AR
PG WA (NNN NNK \NAB  NAT) 8B i = 19 46
MBS H AL SPE W )7L,
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SRR B R i, R B T I A 1Y FeOOH 45 i FE AR
I, M R 1 e DUAE L RR S B AT ST IE S IR
LA o — FeOOH Fr #E & 3% 3 & XF N, 76 20 K
21.223 33.241,36. 649 . 41. 186° Fl 53.237° &b f fif
4y B X R a-FeOOH A9 (110) . (130) ,(111) |
(140) F1(221) &1 (JCPDS 81-0462) ; f11& 1 Hi%
22 WTLUE Y FE i AT 5916 5 DU 75 #H B-FeOOH 43
Y B 1 FE AT 10, 7E 20y 11.939 ,16. 887 .26. 801 ,
35.246 39. 287 .46. 503 .52. 029 .55. 911°Fl 64. 379°
b B AT S 43 ) % 19 T B~FeOOH Ay (100) . (200) |
(400) . (211),(310) ., (411),(006) . (215) F
(415) f4TE (JCPDS 01-0662) ; &l 1 Hisk 3 aT LA
F il RS TIES 7S T 5-FeOOH Anife Bl i AR
XTI, TE 20 24 35. 443 40. 816 ,54. 407°F1 63. 445°4b
AT S 23 591 % B T 8~ FeOOH F4(100) | (002) |
(102) FI(110) fbTE (JCPDS 77-0247) ,

AN b A FeOOH 1y UKL ROST FUIE 34 25 5
Bl 2 Fis

ME 2 (a) (B 2(e) B 2(e) AT LUA H,
a—FeOOH il B-FeOOH A TE 51 B {43 4R 45 44,
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TE A 1 11 25 52 ol L AR S5 A D e 1), BRIt el sl
o A S AR ZR e B P 1 E B R pHL ke SR
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(b) E‘Lééﬁﬁ
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A3 &4 FeOOH £ & 4 A %8
WM BB & Fn 3L AR A

HE 3(a) PR LIFE H, a-FeOOH il B~FeOOH
TE p/po=0.5 FfFIT 0 B S A9V J5 28, & T H2 A,
I §-FeOOH TEE FEIX p/p, 4 0. 8~1.0 [X[A]Nf=4:
R R8T H3 1 R WIRRLEL A S 7RS4 RE Y
BEALZEAE X M AS 1 38 8 T R IR URL R AR B e
HERFLEE Y, 5 B IR AR B §-FeOOH 4K
RREEMW4 ., BB 3(b) Pl LIE H, a-FeOOH
Fl B-FeOOH g4 K HA — & ML 451, FL K/
ﬁ?ﬁﬁﬁ?ﬂf 50~90 nm F1 20~50 nm, £5 5 7% 5 L5
%52 a-FeOOH F1 B—FeOOH 9K ¥ b A 17 2 2%
U? SIOEEH ) N BB FLAETE , 1E J2 3 224 L3 B 19
PR AR FLAT A5 2 A e E A A v 2% T AR RFLAARER, i 5
FeOOH 442K R 25 F i FLAR 43 A i LA W 38,
FLAEPAE 30 nm £ A7,
£1 AE&HRE FeOOH HMMFLEHMSE

ERmMB, LR BELERBY AR
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dV/dlog(D)(cm®-g™")

R ’ ) '
(em’og')  (em*-g) (em’og')  mm

a-FeOOH 43.21 0. 160 0. 0037 14. 89

B-FeOOH 89.78 0. 197 0. 0029 8.94

5-FeOOH 77.27 0.517 0. 0022 23.92

2.2 A[E & FeOOH # B ESHIREFBERS
WA S B E RS RIEG
NGRS R S e e R RN
TSNAs FUIERRPEREARZRANER 2 Fs
£ 2 AFERMEK FeOOH FMEIEM -
Xt 0 £ FAHS AP TSNAs SR MR R %

R NAT NNK NNN NAB  TSNAs

a—-FeOOH( 10 mg) 12.7 18. 4 15.0 16.0 14.5
B-FeOOH(10 mg) 17.0 24.2 17.0 22.7 17.7
6-FeOOH( 10 mg) 18.6 25.0 17.0 18.5 18.1

a-FeOOH(3 mg) 2.4 7.4 8.1 4.2 5.7
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i NAT NNK NNN NAB  TSNAs

a—FeOOH (5 mg) 4.1 11.6 15.1 9.8 10.3
a—FeOOH (20 mg) 17.9 22.5 21.7 14.5 20.8
a—FeOOH (30 mg) 14.7 22.4 22.1 17.3 23.6

A 2 Rl DL Y, Y R R AR A R T 5
410 mg/ 32 B, B AR ORL X 4 F R A il R
(NAB NNK NNN NAT) ¥4 W] 1Y 22 5 e B VAR
AR AR FeOOH B4 BHGT 32 3 40 A H NNK R
TR B B PR R AR R K /N 43 5 R 6 - FeOOH
(25.03%) > B — FeOOH ( 22.44% > a — FeOOH
(18.56%) , VL a—FeOOH N1, i #5 b4 FL4E g W rp
VNN BT 2 A A5 AR A R A I e 1
RGN, AN A 20 mg/ 7 i 3B A AIG
RIKF] 22. 5%, H HL, B4R BRI B 0 0% = AR
FE AR LR B E  (HA R NNK (1)
BEVERRACRITUT I A 53 1 s i He R m A K
AN — 5, IR TR] S AR A FeOOH A4 BME A R
B B AR NNK BB 1R R AS (G 5 4 3
W RfF % A= 1, 38 A7 4E NNK 4 T 5 K [5) & A
FeOOH #4193 Z [ AL 2EAEH
2.3 FeOOH ##l5 NNK & FEIWHEEERAHR

AN[F i AH FeOOH 44K B4 EH FT-IR G an 4]
4 Fin, ME 4 ] DUE 1 BRI A AR 1 205
WO AR 16 32 25K [ T Fe—OH (19725 il 41 0 F1
Fe—O W4iR5, XFT a-FeOOH {7 T 3 142 cm™
A AR R WA e o 107 F 35 T F2 3 (v—OH) B 45
PN 895 em ™ I 796 em ™' Ab B ARAIE W2 Wi 0 2 ot
BT Fe—O—H (8—O0H 1l y—OH) 25 ¥k 551 |
1M 639 em™" AbAH X 55 55 W4 X ) T Fe—O F Fe—
OH #ER M 4E JR 51 . B—FeOOH ' 3 465 em™ #i
3 362 cm™' kb TE 0 X R F—OH B 45 4% 3
846 cm ™' AbAYIESE B-FeOOH FIFERA i O—H—CI &
ST 1640 em ™ Ah T 1 B A R R Xt R T B—
FeOOH ' Fe—O %5 1 4 311", 6 - FeOOH 7E
3410 em ™' 13 358 em™ A0 1 ADTEIELL K 3 140 em™!
Ab R AE SR X B, T 6-FeOOH 1% 2 5 Y e 4
PRI 51 116 em™ FEAE ML ISR R 835 A4 T 1A 25
P55, 896 ecm™ Fll 794 em™ Ab By W 14 fy Fe—O—H
(6—OH Fl y—OH) M5 R 3l ;673 em™" B 1Y 52
WX T Fe—O Fl Fe—OH 4R 4E IR 3

NNK 43F1 1 464 1 421 em™" &b B R AF W% i 15
HETF N—N=0 F Pl N=0 4 3 Wi, 1

PR % B9 C—N B IR 2 I, o — FeOOH W% fff
NNK J& 3 142 em™" b (44 20 W0 Y 8 B AR 55, T
Kl 1A FEWE AR 2 A4S 55 114 FE U6 (3 408 em™' Al
3138 em™) , FLAS B I A AR fLJZAE 1 358 em™ Ak
BT 1B BT i ) B 5 NNK 43+
N—N=0 F [ H N=0 1 a0 W Y 25 YI HH 5% ; 8-
FeOOH 4K A1 B B NNK J5 7 1 358 em™ AbHT
HILT 145 NNK 43+ N—N=0 H[H N=0
A4 31 S8 DA G () T e, T E 3 000 em ™" Ab 1Y
2 NTEIE (3 465 em™ T3 362 em™) B IF N 1A
3390 em”' By FEIE ;6-FeOOH 44K b4 LI it NNK &
ZLAMEIE A A R L SRR 3 182 em ™ Ab
LA B o A RR IR I 55 AL R AR 2 L T 3 410 em ™ AL
R R NG SEURC A, EAM 1 116,896,794 cm ™' FlI
673 cm ' X5 §-FeOOH ' Fe—O—H (6—O0H
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y—OH) FHC 1Y 25 i1 4 2 458 A1 0eg 1 o B2 722 55, (H 2
1 334 em™" Kb PARFAE W S0 e 0 5 P85 448 o - 52 40 1) v
BET M5,

I LB BT T LA Y R S Y g
NNK J5 % Az 78 A 18 5 AF I W5 0 408 5 it A v %) 8
AHIE, T NNK 3 FLLAMEE AR b & HE 5 N—N=
O FEPI B IIA &8 N=0 #9930 0, Pk ] L
D, A TR AR FeOOH A4 4L BEAE R AIR 6 0 AR < rp 4
A B 1) T PR 22— S b Rk 1 2% T 6 L R AT R
NNK 43 H 1 3 i 3% B BE 1A 22 18] & A A2 B AR
o b A (AU T

L LA RZER NNK J3 1 32 280 2o i o 4 B
B £k 27 AH B FH A W B 26 R 5] A A FeOOH 442K
AL R R B T RS A RS Y
YEHT 5 FeOOH 3 75 555 FL far (9 25 - 4H B 5 |
W [T FeOOH (910 . 75 YL 7E AR 22 10 19 4k 2
W RFF R A s 2 1 9 R T B2 8 T L. - FeOOH
PSSR LA 4 A FeOOH BH S 475 7 2% o
FUHED, B4 Fe™ 5 HE M BB FHI L T FeO,
(OH), /\Hi{A ;8-FeOOH 1EF-AT T ¢ BhJ7 ) &4 %
TEAR LI, X 2efL A 2 HEF 51 Y /\ i A i 3t
SR B AR B T AL PR BRI L
5-FeOOH N ZRHEF , 252 Z [0 LIS E £, 1]
BT LATE O 57 7 B HE R KRS Fe™ 7 T 5 ¢ il
SEATHYREE Fe(O,0H)  NHRZS B, 3L AE AL
BRI AH 22 S UCE T S 5 FeOOH 2% Ifif J5 1
Tk 1R 1) 22 S XU B 43 —F R AP 2R LIRS 7 A= Rg i, 3
SO B R A B o3 (R e B PR IR R 25

3 it

SR PR RRCUE T 3k 38 2o 42 Ak 2R B g 2% A4 1l
AT RTE] S A FIE S 40K FeOOH A48}, I35
it XRD SEM \TEM | bt 3 i 43 B4 3 F B br 7 FF
145 B9 5] i AH FeOOH 4 B} 1 45 1 F1AH $7 4 AE
B 5 O AR T] A A9 FeOOH 4810 FH 46 40 6
rh e I I R R AT A R AR A< e 9 R R A T
Jig | e 1 BRI A NINK B 2 %) A1 X5 I
5-FeOOH >B-FeOOH >a —-FeOOH,, 43 51 K 25.03% .
24.24% (18.56% , RFAS[RIFh IS B A0 R4 A A Bz
[ — i b LA B 0 e e R o 2 S . A
AR UEARE TS I AT R — 2D B S B R M R R AR T
fifife NNK ABRARCR , HAT AR A ) AR MR AR <
A EY RN TR
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