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ABSTRACT: The work aims to analyze the factors influencing the diffusion coefficient (Dc) of hazardous monomers
in bamboo fiber/melamine composite products and to explore the pattern of variation of their specific migration amounts
and the mechanism of interfacial migration. In this paper, with bamboo fiber/melamine tableware of the same raw materials
and different processes as test sample, the relationship between the content, specific migration, material structure and
diffusion coefficient of melamine and formaldehyde residue monomers in bamboo/melamine products and their effect
were investigated with liquid chromatography, UV spectrophotometer and scanning electron microscope/energy dispersive
spectrometer (SEM/EDS). The presence of interfacial structures and differences in residual monomer concentrations in
samples made by different processes were the main intrinsic factors affecting the diffusion coefficient Dc of monomers.
The diffusion coefficient D was a variable that resulted from the combined effect of the interfacial concentration factor of

the monomer and the structural factor of the material. As the immersion time increased, the simulated liquid caused damage
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to the surface structure of the material, which drove the diffusion coefficient D¢ to become larger. At the same time, the

concentration of monomers within the material was also changing, and the combined effect of monomer concentration and

interfacial structure caused the diffusion coefficient D¢ to increase or decrease. During the testing of bamboo fiber/melamine

composite products for specific migration of monomers, the diffusion coefficient D¢ is influenced by changes in the

interfacial structure, and the pattern of changes in the values of specific migration is verified, providing a reference for

evaluating the safety of bamboo fiber/melamine tableware.

KEY WORDS: bamboo fiber; tableware; formaldehyde; melamine; migration; interface

V7 £ 2t 5% e . 32 B2 LU R IR hy SRk, B
i — 7 1 B AT R RS 0 580 B A SRR . X
7 A R 2R RS R, T TR SR
1110730 N S s | B S AR SN 0 S NN
Pras AT, H R s PR sl
TR M dem g BR TR i, weife
EMEASEE, I EFORARE | S g A = T %
PR AR R, —2 T K TiAK
Flzi, HEHER, BT Z, RAFHRA,
77 b R R = RN A A B AR R A Y
T K A=

W 28 2 1) Jon i 2 A R RS [ 1 [ A0 I 8 LA 1Y
e BEEAL, FERRER B SRR 1 R 58 (Rapid
Alert System for Food and Feed, RASFF ) 3 g Z& 1]
A ARD R TR B FEHIP). 2021 4E 5 H, Bk
W ZE B S IE S E A L R EAIT 4B
fl ERLAE L I S PR T S LA A AR A BA R
E R AP S ) B 1 e SRR i R AR 4, JF
A8 E AR T, 30 40 [ SNELR (AR AF 55 77 £ 4k
25 g il i B IR R LR AR5 T ok E A ],

M m e Z SRR FENAFTBRY L =
SRR I LR, 3k R ply A 7 OB R 2N 8 427
A5k R BAR T —SBRIE T A e B AR — R et R
Y, WEEA [ A S R e R Y, B E A E
W SR B 5 TR A AR 72 TS AR, S TRk
VAT £ 2 5% e 52 6 il 5 ) AT FH 2 2, TR E AT &
Y7 e Bon A SR BT AL,

B B 2 B4 BRI AR SR A T
B R ST A9 A R RV R N B O AR O A
L2 5% B o P BRI E B ML, R YR R EOR
STPC R TR SRl S, §TECR RO B BT
MR RR 2 W B R £ SR A AL ) ) R
SR ST R B WAE — 5 55T, SR 0T PR ) o
TERGYRE S (BB ) KB, 764
VR BE LU o 9 B R BRI S AT Rt S f i iz
B, A ARG E b AR A A A —
S R BNHE R A X B RS Ny E
Bn U, SIEERIEN, SEBY Rk
BERGIE EEUY, i LR S R A Y gl R B
WS, TRYNERTIEES, BREYS5TEY M

HAEHUOER EA S, BEY SRR B K
%, Sy RN,

AR SCA e S0 A [ SR | AN R 435 R AR AT T 4 2%
JHe il i R | S R EUE R TR E S R A
WE, ISR ARy & i . AR R B 45
FAFBE TS 25 G K AT, R AR Y i i 7% A LB
IR

1 LI

1.1 FREYREIRFIFEM

FEAREY) B SR FFERS . — SR E AR R I,
1000 mg/L, 1788 TR RHE A BRA A 5 bR
W, 1000 mg/L, InsB AR R ARAR; &
R, syiral, EZGER; OB, aird, EZHER.
1.2 XE[iEE

FHAY AT Agilent 1200 R0 FH A%,
il s 2 (34 (4.6%250 mm 5-Micron ). —H & [4 %)
( DAD) il ¢, 32 ELHE(R AR ; UV-2550 $4hA]
WA, HARRHAR; CPA224S HLT K-,
i B L A 5 ZM200 BB RAL, #5[E Retsch
/N1 s Elmasonic P AR FEHRHUES , 2% Elma 2\ &) ; AL25
K&, TEE LAUDA A Fl; MILI-Q ADVANTAGE
A10 #4li/k 248, 3% Millipore 23 &5 JCM-7000 1
il F R, HABRTAH,

1.3 #HmHl&

PR R AT LR i el it T, DI ZS, 4%
R PSR I [ AS TR HE BRI AN, 48 T — &
G [) B4 3 45 JHg 5245 Kb, O AT 2R THT TROULE 33
FIBERE (SEM/EDS ), HESTME . —REKITH &
S5 BRAGEIN o R AR i A v AR WAL UKL AR
H0.2 mm BRIAR, FTHEESE ., =REN SR
LRl

1.4 Fi&

P B . WS P HUT — &8 dE T il e
BEIE SR AR IR, 56 A X AR S 3 T R AT B 4 Ak
BRI A 15.0 kV,



- 198 - f1 %% T 72

2023 4E 11 A

ST IR % R GB 31604.48—2016!"81 3k
1, =BEMGEHEIK IR GB 31604.15—2016!"
AT, RS RB BN 3% LR AR F /4L
H 20%H) ZEE, IREESN 70 °C, BRI 2 h, EEEBUK,
Fe A4 AR ARE TR 2 18 6 dm?® X 1 kg B A4
Y H B TR

SREN S RIS SN/T 2941—20111293F
5o WS i B 22 2 BEIZARERI AL 0.2 mm AR,
FEFRI 0.2 g ifRE, A 10 mL & 4fK , #7227 30 min,
ZJEH WS I GB 31604.48—2016 1 2 1k A il 43
BRI TN E o

2 HRE5HSH

21 THXLEBEHINTA

FRE R RS ST R SR Y B R0, A 1R
TELEST (B TS 38, D0 R TR A BRI 9 v 1Y)
ARG B, T LA S e B T B T B i AR AR, a4
T BB TE S N RE TS 1Y RAE , BEAS I R 450 5T 8%
i)Y

TR F AT Fick 8 @@kl A et
T, ASCWFFT I RN — SR U BR AR T/ oy A
TEE A B SIRIA R R Y8, A AERS
MiERs iR, HARRSE R R R (1) M

aC _9°C

E_D NG M

Krf: D MFREITEBYRMY SR, ChREE
TRt t i EI7E x A v

Wy £ Y 55 i 52 At b R 2L 0 A 4, = TR EUHE Fn
PR 2 SR A 0 ) Sy SRR, A B R v B i R
HEWEZ, B TARLEPEIIE N 3%0 LR
20% M KIS, 7R R 4 B R KR
R, BAARFH R B ) AT L2200, 2 B S b R i)
TERE AR 2 A 2 e 2 4 ) i o AR B A 1R
LB AR R AT AR A 1

FERHE

N

WBeldA (B

BRI

B
K1 ArEr Y e bR AT RS T B R

Fig.1 Monomer migration and diffusion
model of bamboo fiber/melamine material
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Tab.1 Content and migration results of melamine in bamboo fiber/composite melamine water cup samples

(Unit: mg/kg)

=RENT R (3% R ) /(mgkg ™)

SRFEMTIBE (20%48) /(mg-kg™")

BESL 5 ‘i’fgﬁ)ﬁ/ ®1 B2 ®3 H4 ®s B H2 H3 H4 B
1 17354 3.96 2.66 3 4.02 4.68 0.66 0.42 0.36 0.36 0.42
2 2199.4 1.44 2.1 1.98 3 3.36 ND ND ND ND ND
3 1 803.7 0.6 0.54 0.9 1.44 1.8 ND ND ND ND ND
4 1716 1.44 1.08 1.44 1.98 2.46 0.3 ND ND ND ND
5 1 059.7 1.14 0.78 0.9 1.32 1.56 ND ND ND ND ND
6 809.3 0.54 0.36 0.48 0.72 0.84 0.3 ND ND ND ND
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Tab.2 Content and migration results of formaldehyde in bamboo fiber/melamine water cup samples

FE 5 $%§%/ ST (3% 282 ) /(mg-kg ™) HIEST R (20%09 28 ) /(mg-kg ™)
(mgkg) 1R HF2R  B3IK F4K FSKR FIR F2R BEIK F4R BSK

1 514.7 18.42 11.88 9.3 9.54 9.66 4.8 5.04 3.96 39 3.72
2 530.6 13.26 10.86 8.4 9.24 9.06 2.76 3.48 3.18 3.18 3
3 525.1 7.38 7.98 6.84 7.74 7.38 2.22 2.58 2.46 2.58 2.46
4 498.4 8.46 7.62 5.88 6.6 6.3 2.64 3.18 2.82 2.94 2.64
5 493.2 7.68 7.44 6.18 6.72 6.72 2.22 2.58 2.52 2.58 2.28
6 450.1 5.04 5.1 4.44 5.22 4.98 2.04 2.28 2.04 2.22 2.1
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Fig.2 SEM images of surface of bamboo fiber/melamine composite product
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Fig.3 SEM images of surface of bamboo fiber/melamine composite product before and
after 4% acetic acid soak test
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Tab.3 Scanning electron microscope energy spectroscopy (EDS) analysis of elements in bamboo/melamine composite
products before and after surface immersion
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1 5 RE M 154 3% MR 6 ZRIFIM 6 5 3% M LRI
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0 K 35.66 34.85 30.20 28.90

Mg K 0.63 / / /

Ca K 0.83 / / /

Ti K 8.63 9.62 11.60 11.08

Al K / 0.37 0.41 0.39
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