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Preparation Process of Modified Jute Fiber Tea Bag Paper Optimized by
Orthogonal Experiment and Its Safety Evaluation
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ABSTRACT: The paper aims to prepare tea bag paper of high air permeability from jute fiber. The optimum mixing ratio
of modified system and the best pulping degree were explored by mechanical pulping and modification treatment of
NaOH/Urea/ZnO aqueous solution. The changes of dry tensile strength, wet tensile strength, tear strength, air permeabil-
ity, thickness and tightness of tea bag paper were measured. The tea bag paper also was made a preliminary application
and safety evaluation. Tea bag paper with good performance can be prepared from jute fiber between 45~70 °SR. The op-
timum ratio of the NaOH/Urea/ZnO m was 6% : 10% : 0.4%. The quality of jute (absolute dry) was 10 g, and the volume
of the modified system was 500 mL. Under this condition, the permeability of filter paper was 3868.9 um/(Pa-s), the ten-
sile strength was 0.60 kN/m. After modification, the hot soak effect of tea bag paper is better than that of unmodified bag

paper. The thermal extract test of tea bag paper results show that heavy metals index and sensory indexes accord with the

: 2018-06-20
DSBS L S ERKARA (A AA17204067 )
EH4 (1992—), B, F@RFAELAL, LARRD LM,
c KRR (1967—), B, FERERLR, B0 H 6AH 25K LR T RAAZA,



B40H H1W

W RS TE A P SRR T A 2R AR AR o T 2 S i VRV -89 -

requirement of national standard regulations of drinking water. It is feasible to prepare tea bag paper from jute.

KEY WORDS: modified jute fiber; tea bag paper; safety evaluation
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JFOR Z KLY . BN G Me e 48 % . Kb
AREIE, KRR S Bk Rk Bk
e I8 T4 mm o AR, B AR s HA S
FEfRB—, RARGAER B A L RFEE AR,
BRRET 2 I8 T RAREF iy —Fh, HORIE 72 . A K JH
Wik, ELRTREfR . PTHRA: 570 ERRET 4E < Al
il £ P AR AN 5] Hads AR, X BRI T 3R AT i 7E
ZMEARYC B AN . 25 B AT, SO S i MU T
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1.1

TR OB 3 T PR LT 4, rhy BE I8 vz BH i RR in
TRt 258057 £ NaOH, JRZEHI ZnO, ¥
o drat, WFRETEGE L TARA A 210K,
) PERE R T 58 5 TR BE AL,

1.2

F A A PHS-2C &I pH i1, FIEEXNEHL
FARAF; A-5003B BIH TR, LIS KHE Y
AR T s IMT-PFIOL BISr AT, SR ARk
AL BAT PR T 5 IMT-SIO1 FU AT v 50 £ 4k 75 it v
YR ARG B AL A PR A F] 5 IMT-CPO2A Y[R 4K
TP AL, BERRTN ARG B AR AT PR A 5 N800 #4R
kB SEM EAL, MR A H BRA A
IMT-202F AUf7 s BE e A, DERFT ARRS 2 (AR
B

1.3

1.3.1 ERRITHERFTRAE

FREL 20 g #FRIK (481 ) BT 1000 mL BYLERR
W, RN TR I AZE IR, RIS FH B I R, iR
BN AT, SR BT RO 10% 445, ##HE 30 min,
B ST LT, K T S 0 R PRI 2 ) M B A T 2R AL
FIMNEE | J5 3l PFL T2 AL, 8 B FT K50k 5000,
T T I R Bk A ) W R LT AR A AT 3 B L 3T e b
Jo, BURSRL, B 2K, KO Bk K
NIRRT B TR OIS, K&

1.3.2 BERRITFYHR NaOH/FRZE/Zn0 K& st b 12

NaOH/JR R R R S ombsi i, 7EmE 41T, B
Y se ik, S5 e IX AL Ar e R | MR R %
HRRERL AT A i, DRI BR E) ARIE AT, ZnO )
T RERE I 38 NaOH/JR 2 14 2 %) 21 4k ) S fif iE T, I
55 21 4 0] i SUBEAE R O, 1 I8 R B R 4G5k 1 FL R
R PR R AT DL ARk A B SR

JF & NaOH/JR K /ZnO /KWK Z ) = E UK
RIS Z T, fEAT AT R SEAE L, IR H NaOH i
PR 2 1) B A BE AN 4%~10%, ZnO (1 J5 &5 5
YRR 0~0.6%!(10—121

MG o PR R A R TR, ARG — 22 =
NaOH . JR % . ZnO FIZEIHKE FRHA T, BLAL 500 mL
IV, PR KA, B 25 C. R4
Ja, BUHBEA E TR T, Fric10g (41 ) &
FI AL PR BRREF 2, A BRI, FHBEES
FEREFE S min, FEMFETEEE)S, KR LA—S C IR
FErh R E AL 30 min, FHESEEES, AT UEREORL:
4, RAETROGEHLE T, BT 0 CHVKMIRE
K a8 H o
1.3.3 KWW H

i R 8 TR PRI — 8 it OB, AR HELT
AEGRFEHLT, A 2000 mL B /K FEATER A%, 155 A i)
92 min, BREHLEEHE K 2500 r/min, ZKE BT
ANBTEA T R LD F, AORE A s . HET T
PRACKE
1.3.4  ZRIKMERERINE

¥ HE GB/T 10739—2002 X ALK gEAT AL ; Fie IR
GB/T 18374—2001 Y& 4C5K ) THioksm i ; #% GB/T
465.2—2008 I % 4% 5K 19 1 bU ok o BE; 4% MR GB
455—2002 ) 72 4% 5k mY W 2R R GB/T
22819—2008 I & 4% 5K (Y & <, #% B GB/T
451.3—2002 {52 4R 5K 4 L3 F 55
1.3.5 HBFEMHERMR]

B 5kPPrERIUELR, 2BV AL 100 mmx150 mm K
N TTIE, VERIREE. B, DL 2 &Sy g
LNPTIE, Kk kExt T, RSFR 50 mmx150 mm, #&
J& , BYTIR I B X R R — Oy mE ST S 2 IR, BRK
Pr& s mm. #:45, HPrSdmn, L2 FKamh
FUEL NIRRT . B 2 g ZRATESA KB D
IS AS SRS K ARASTT 1136 1) 4TS 10 mm,
FITRHLE T, SERASIE AR IR . B HIE G 487
AN A 200 mL ¥ K AR HI2 3 10 min, WHEE
K BB AR IR IE 5% o
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B3 A4~ 1000 mL =5 Beh, 4 algm's 1%, 2%, 3%,
A3 3 A BEAR A 500 mL I B2 100 °C Y 1 kK,
VHERXT IR, AAEALEE; 2980 3ME ikiedl, 4 A
A B HI R4S CRZEALSN ), 43 51RE 7 min
F1 14 min, RHLTEEE ST, CEE 3 MR HIIK, FF L
Srldes , AR KRR
1.3.7 ZFMaKKARHYHERNSHH

Mo it B PR NaOH . JRZE . ZnO J i JfE
R R A W AR A T Be sk R AR AR L, B
JE TEAR AR YUY IR v A P T R RS B K b, R
000 5% it 94 48 TR Y Y T e M R R A ) 1 e
AT PR, R P A AR AR R N B
R PEACHY e E & . SCHP I GB/T 5750.6—
200631 Hp RGN 7 3 KR I K RE AT L AL SR L R
FLYAT pH A2 , H2 18 HI 636—20120 415k Al G 5 6 %)
R KFESEA T SR & HE e, IR RS GB/T
5749200651 1) A T AR FH K 6 A B Hx Rz g R
HEATXT HE

2 HREHM

2.1

R B R K R S AR SR AR Y S A, RO S
R T P B AR AR A AR VIS I 1 AT,
Bl FT IR B K, IEAUE R TR, B
Th#adi, MITHEN 15 °SR B, JEACEE KK,
SR/ MITIRIE N 70 °SR B, JE4CRE R/,
BE R, T 15~70 °SR, JELCE T FEAY RN E T
WAFAFLT LK K, SR =2k oy 22 A, FTHREE
A 2t e A I 090 4 B R B 4 R D S A P 4
g, RIREIIAAS, E TN B 225 (ki
R IR S, BT ACEK S PR AR B B ek B O, RP
T AR K R B T 20 3 4 TR 200 Ay o T K [
MISEFR, [RIET AT TG o R RS BE ) 2t
EWE 2, A RIH AR Y=—1.5408X+0.622;
FEFRBUR>=0.970, R?FEAZIT 1, SR AR B A9 A ¢
PRl . TR AL, BESREAELEXR, R
BFHAMW LR IA R, HEFE—ERE L ue T 55
Wi V2 5 %) 25 T/ o 0 5 P A 2 8 S A ATk
FiFPERE M R AR . IR 3 AIAR, . IBPUIKERE
YT T 0% B8 A3 RT3 K, T sk s B 1 e /ME R
0.49 kKN/m, f KfH M 2.09 KN/m; JBHTIK IR B 1 e/
B>} 0.07 kN/m, fxKfH M 0.18 kN/m,

MR 4 a1, #iRRE e 50, 7F 45 °SR AbHL
KA, X RS FTH EERRE 2R 43820
TN B 5 2 A A ORI 2 i o B R R
WL RN AR A e MR, IR ARAIE SO, IR

IR B, A R R 2 BeAh, B TR

PEm, UK ABE SRR, FTIRE R 15 °SR i,

ek R A L), BRIERNWA R, LA ES

BEBIEIE s FTHEETE 30 °SR B, 4RBK B SRR K,

BAEAE 30~45 °SR Z [ 28] N, 1E 45~70 °SR T

FEECH R, BEESTIRIZ RS, A 4e78 15 Ak 55y
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Fig.1 Influence of pulping degree on thickness and tightness
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Fig.2 Relation between thickness and tightness
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Fig.4 Influence of pulping degree on tear and air permeability

2 AL, ARsK R ALEAE b, FLARAE /N, X h]
RERUEAUE S TR F RN, 28 LTk, FTHRE
45, 55, 70 °SR B, JEACEREAT R AT ) fE
M—EMBSE, Kk 45, 55, 70 °SR YJRE A
FEFTIRE, HAE 45~70 °SR Z ] (3730 BE 4 AT ok 4%

2.2

NaOH/JR 2 /ZnO 7K ¥ AR Z 58 25 150 41 /N 2T
AR T POV A R, ORIl 559 i ok 21 24 ) 1 S ke
YER 1, BE4Uk B SRR 24 2 AT E N
55 °SR Y HEFRET 4k A JFOR}, DLARTK 5 S AP sk o
VERIRERIEbRIEAT T 16 ks, E—LERAEE
R . I AE A A At A T2

ERRI AR E 1, ATLLE S, 78 NaOH JH
R T, ZnO BIIA R 3 K IELRA B S
B, A1 ZnO Rl R Z #T . JE4CE S NaOH
FH B3 M8 K, Lok sm FE R NaOH FH 2 iy 38 22171
/N, 7E NaOH FrH i 7 5Ch 10%M &4 T, &
NaOH/JR & /ZnO M Z P (1 35 IRET 4E A BE AR, X
JERUATEIZ ST A/INEF 4 R v e o AR X (A
RIS Rete, SRRk AR E A —-12 °C,
B R 7%, 12%, 0.5%[%) NaOH/JR Z/ZnO
(R IRV TR R R 2T 448 2R (R T 91 38 2o 378 A 7 B ) b
T ARET Y AR OISR 300 mL YR E N
-6 °C, %9k 3%, 3%, 4% NaOH/R %
IR R K I RO SRR A TR, T st ) R R 30
TSR ADER, P OME A G RRET E D R AN g 48, 45 %
IRE]T PM2.5 T EEJEAF AT UE PR RE o b AT UL, ok
RRMECL . PR, HAEHZ R AR, M
Fe 1 A, iR R38R N AR T T R B S A [
AS, AR E, AR TR 8 4 (RFL
500 mL, PR B3 E05r0loh 6%, 10%, 0.4%HY
NaOH/JR E/ZnO B ) 1E R i e Ry elot: 2518,
TEZSAT T U 4GB S YUk by, BRE N
3868.9 um/(Pa-s), HLsksREEN 0.60 kN/m. NaOH/JK

K/ZnO RRZ I LIRE R KR IE AR B, &R
FAERTE SR, ERREF 4E T4 A, 5 XA A2
LY | W IR R AR RR R AT H s i I B 21228
FEARIRAAPE T, NaOH/JRE/ZnO R R H () ZnO RELL
Zn(OH) > IR AFETE, Zn(OH)> fE 5 8 FE 4T 4608 %,
S ZU I S AE T 0, ARG R R R B BT T 0% Otk
) 52 A RO 29300 s fefi AL 4T A 27 ] g B P T Rk
V5555 LA /N 2T 24 45t PR i e S AR, 2 4 [R] 19 1
F 10855, el A8/, 4Rk FLBRRIE K, MniiR
T AUk ESRE

1

Tab.1 Results orthogonal test on three factors and
four levels

NaOH K&  ZnO e T4k
g RS gasy Bn EUE g
B e M (mPats) (kN-m™)
1 4 4 0 618.4 1.37
2 4 6 0.2 849.8 1.05
3 4 8 0.4 653.4 1.00
4 4 10 0.6 914.9 0.80
5 6 4 0.2 3678.8 0.46
6 6 0 3024.8 0.69
7 6 8 0.6 4660.5 0.45
8 6 10 0.4 3868.9 0.60
9 8 4 0.4 16 877.8 0.26
10 8 0.6 14 758.1 0.32
11 8 0 11 364.8 0.16
12 8 10 0.2 12 552.4 0.36
13 10 4 0.6 AR NS
14 10 0.4 ARLAR NS
15 10 0.2 ARLAR AR
16 10 10 0 14 337.6 0.02
2.3

TEFAEBES4F (500 mL i 235043 510 6%,
10%, 0.4%F) NaOH/JR % /Zn0O /KIEW , %1 H R
HON 10 g) T, A% EE R 50, 63, 71 °SR (1
BRREFAEE TR B MBS FEL 6 AT LA i, A
FIFTHEET , R4S 40 n Pk o 8 (a3s 1.
MRPUSK SR ) YR F et A i A4 Bk R i, X
S PN PR R AR A, 2T A () SURER AR o ORI,
55, [AIESE, S b B A5 A A T A Al /N 4 3 i
WD FE 50~71 °SR [H], AT A 4R BT Tk R
FEBEFT I A2 i, otk A i A AR G Bk
FESEI/INE G, 7E 71 °SR B, HouK R A B f ok
. & 7 ATH, £E 50~71 °SR, AP ZE i i 48 4%
(M 2L e 5 8, #F 63 °SR B, iR K. K
PEIG, ZSMH A4S AR 2 B A BIr R, #E 63 °SR
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O r
Eﬁ]ﬂ&&qgo "@ 2000
” 1000 |-
ol 0
50 63 71
—-; 15| FTHE /PSR
z
5 Lo 8 RHTHIE T ARAY3E
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Fig.5 Dry tensile strength of paper under different
pulping degree
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2K BB 1 D 7 B 4 5 B i 2R I AR S i
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B, MNIMTARSKGE TSGR, A il AR 4R A I8 7K 8
Rz R E, RERMSCR

2.5

A A YR e A (Y R R Z 2 T T H AR
A TR LA T REXT A 1 R
Yy B RGN A B AN ] /B B1321 0 GB/T 5749—200601)
RIS B A= TR RO K LRI B BT b S BRI 3R 20197,
MFERR I ZE SR 0L 3. &8I, 3 KPR E SR
(v B 34938z /N R GE A, GR B T A T AR K i
Ko BOPEF] NaOH 7EZS 4Rt F sk B i 2, 4
Bt NaOH /K B ik 2, KA
pH MK, 23 Won 3 N/KEERY pH 44T 7.5,
XU IIAS I 4SR5 B 1Y NaOH. A7 A,
R B2, WK BT R B2k R TIREK . Bk
3AAL, 3 KM AR S REAAER], X R et
IR R AEZL ML AE AR o 3 A KEEP TR
SRR 0.0009, 0.0010, 0.0010 mg/L, 2 5H3
SOKFEEL 1 SR IR M R, XU MR ZnO TS
M ASAR FA R AR A L X AT RE K R 2R 4R VRS
AR FESY , AHIX AN 28 I AR AR 1E T, [ )
3ANKEESTE SR R M IR v W . 25 BTk, K
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Fig.9 Effect of hot soaking of modified and un-modified tea bag paper
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Tab.2 Several indicators and limits of domestic drinking water in national standards
. 23 fitt/ %/ i/ i/
i H i AR AT
R gl gl gl gLl (mgl) P PRI AIRAT
FRAE B Z R 1 0.01 0.001 0.005 0.01 6.5<pH<8.5 ¥ T
3

Tab.3 Test results of samples

frli/(mg L)

FE S = — — Ny
£ (Zn) fifi(As) JK(Hg) FA(Cd) #5(Pb) BA pH Bk WA LY
I OpiGE 0.0009 <0.002 — 0.0008 0.0003 2.29 7.5 ¥ Jo
2% 320 7min  0.0010 <0.002 — 0.0011 0.0002 2.27 7.5 Jc Jc
3M2WL 14 min - 0.0010 <0.002 — 0.0006 0.0003 2.28 7.5 ¥ b
(1 AR T 4 25 o G B AR B K
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