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Research Progress of Carbon Paper Materials in Gas Diffusion

Layers of Fuel Cells

© Chen Yifei, Zhao Sihan, Zhao Haoxuan, Guo Daliang’

(College of Environment and Resources, Zhejiang University of Science and Technology, Hangzhou, Zhejiang 310023, China)

PRFSHER St SR BUE T

AR

SR

el

O FRRIE RBE RGBT AR OWLAHERIA S WEY R, BN 310023)

PriRIE &t
ERTEIRR & MF A R AT
@I TAE,

thE 525 TS761.2
CHRFRRRRD: A
WEHE: 1007-9211(2023)24-0001-09

O EE€WB: #ry “RE” LRI E (2022C01066) ;

i E RFRSEERA S (PEMFC) R—R S LT K
ERAMZE| kiR, Rfa, PEMFCRAAERAD. F82 0 2519
A, %497 PEMFCo X AR AL i1 A, ARy 3B RPEMFCH 49 &
F20 A ATXTPEMFCIR AR A B st b A B R, AL
:zt?mw:fr%i);;uﬁié& ILE A B & AR K
LM AR SO S S B REERE, IR T AU AA
%:}rﬁi&ﬁi%éﬁﬂiﬁmﬁo
KHEIA]: PEMFC; BRAKBUM; MY HE; MILE; REHR

Abstract: PEMFC (proton exchange membrane fuel cell)
has attracted wide attention as an efficient and pollution-free
device. However, there still exist some problems such as high
cost and poor stability, which restrict its large-scale commercial
application. Gas diffusion layer is an important part of the cell.
In order to meet the demand of low cost and high performance
advanced materials for PEMFC, the research progress of carbon
paper base material, preparation of microporous layer, gas-liquid
transfer and water management, simulation and design of pore
structure are reviewed, and the future development direction of
carbon paper base gas diffusion layer is pointed out.

Key words: PEMFC; carbon paper modification; gas diffusion layer;

microporous layer; water management

T E § RAHFAAIRE (LY200160006)

BIVEE: IKE, a3, AFAYR SMEMAR 5L etk @50 TAE. E-mail: 08guodaliang®l63. com.
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EH T A R ) S N PR 55 I i ) P A, AT — B
TS ITER AT A RE R Jo T 2 # IR (Proton
Exchange Membrane Fuel Cell, PEMFC) f&—#Jis
ey e B, MW E LR s, 1T DR OB A
AR A S R B AL S AR, R & 2 A SN TR
FBEY . T SEILRILAL P EMF CH AR KRR F, 35
B AR F VB T A, T T AN 3 R R
I HUZ FIVE . SRS HUZ (Gas Diffusion
Layers, GDL) fEAPEMFCH—ANEE EHAF, AL T EAL T
JERURR AR 2 1], 2 J5 FE A ZE A A K A B A% O LA, —
WS AFERKE (Gas Diffusion Base Layer,GDBL)
F1IFLE (Microporous Layer, MPL) ZH%™. GDLTE
F AR AN B S HE AL 2 L s B R A R E AR,
2L 2 U B R B AR IR T, R 0 TE A HE K E
S FHIIRE, o BRI AR MRS A B B

GDBLIE H & k4L (Carbon fiber paper,CFP) | AR
Bl BRI B /KA IS ) 44 1, TIMP LI FH R SR K 5
BT RBIUE. LI (Polytetrafluoroethylene, PTFE) Y&

(ot

Membrane
<4— Electrode
Assembly (MEA)

Electrode —r—b

Proton Exchange
Membrane (PEM)
Catalyst Layer

Gas Diffusion Layer (GDL)

Gas Channel Current Collector

B BT3B e it 4

2 |sms
FA4EE245 202354128

45 TR P, FE O R S MR IS 7y X8 e A R 2
b, TR N AL

J T2 3 B AR LV AR AR 2272 AR VA K, 2
A TR L B &5 0 RT3 T 45 A SR 4 o KRS i ik«
I GTP EMF CREAT /K HH AT LATE it pAy 30 £ 455 R A (7K
Mk &R, IR BN KIES T A itk GE I E IR T A P 3B KR S
YT R R AT K BT, st oK 2 it b2
IR RE T B . D T EE m RRL F I K B RR T, O
A2 I K 6 20 BB AR, DA R AR K HEHIAR” ISR,
BELAS AL 2 e 7 R A, T B PRIt MR RE 1. N T
PEFFPEMFCHIVERE, 0 250 ak /> BR 4451 2 FH BT A% v 40 2K
DRI, 4Rk a0 200 L 46 W v PR RS 25 TR T 92D o
B, MRMERO 40 B AR E A E LA AR
PEMFCH Bk AR AR FUSRA L, AR5 B — 5 B FL IR BE AN
S, OB R AR E AN A, B AR AN AR
HL Tt 2R G 1) e BAOR AR E 18 AT

DR, A SC 3 2 R R Bl AR SR B 1502 1 1) % BT
IR IR, BERABRA T & T2, fEmHtae, N
PEMFC A 5 R . 4 (i B R S

1 REFHSHRHRE

B AR 2 E s o o R P PR B £ A 2 A, LR A 1 i
TR 2FT 7R B, K2 AL BE A Bk 2T 4e VI e ) 75
TR 5K 7 BOISF R IR & ¥ 50, SR )5 2 il 4R
TZ, mEARBIRL YEARAATIR . L2 R B e Uk
[k AL S AL, FTAS UBRAR" o e Mo A 1
N—FEE R Z MRS R, SR E e R
S IR 0 PR, P 789 38— s - B FEE R B PV B 2 4 4K
FERRAG LR o, R 4% 7E i P 0 5 A RE AT AL 2 A 1k
3R IR TE, RO AR T BT R AR, 30 T
FLERA, FRAR T R, st Rk — P m 1 iR AR
frye

FEG D L AR5 FH PR B 41K P Jo A i A PR S SR R RE A B2

| |
Ollll]lll O —

B2 HmAHEZEIZ



WP EMF CPERERI K HE S H 2 — . SR T VR RE 5 47 T
AT e N AT DA v BT T A B R, 48 R SUEE T AT
e T R A BRORE B, AR T v R A )

IR A RHE R &I AR, AR, S8+
(R 45 1 52 BB, AT 52 e G 5 LR B o B 4R 000 3 L
BERT LB RN S EORE (' R SR A R A , ]
DAMERRARR AL DUARE )=, B INRR AR 5 Fe e fE
1.1 BREURMZ BRI

FHT, Bk 20 4 M LAAE 40K T 3 5550, 5 5 3k 4t
JEFEANEY, MUMRSR A S rL I B8 220 BR T B AL AT LASRE /o
AR WU FE AR e 1, FERRM R S I AR
AT AR ARV BE . Young—Jung HeoZE A" LI
SR LT 2 N T Rk 1) BB 2T 4 iR AR, % Iy AR T S A )
)5 (Ketjenblack, KB) (0, 2%, 4%, 6%, 8%F110%wt)
EREFIR A, [RRRER, KRR 5T, &
IR G, 43 HIAE600 “C. 700 CHIS00 C I JE FHEAT IR
AR BB AR . S5 R THm iR e, Bk 85 &,
AP BT R L REEE | K S AR R AR, A B 4R
BHTHE R o il 2 B 40y o BRI, Tk SR A I N R
BERTHIRACI PR SR T . MBI FE 9800 CHYE, I
6 wthfI R B, AISRAFEEE 190 um. FLBEFE N86.7%. H
FHENT.795X107% Q- cmiURRAR. Rk, B EAE A S HIH
BT CASGE B AR T FE PR RS HUBR I BE RN FLRSARFAE
1.2 BERMAEHEE

T 2% i 4 3 1 3 E BEDRDRL AT 2 B2 e Bk 4R 1) &5
FVERE S ARRL B AL 2 B Chenying Songhs
N TR A 0 R B AT 4 DD R6 mom, SR RIS D AR
AR, LECEEH N BEA G, (IRA W25 wt%, FEN
ANAFRLEE B AT 888 (0.5 umy 2 ums 10 um. 20 pwm.
30 wm), HEREEWREENL0%, RIGIREH, 64 H
AT S 5 B MR A SRR B IR S A, IR BIAE
100 C. 120 “C. 140 ‘C. 160 ‘CHI180 “CiE JF kAT [
b, F£180 CR#ME, IFAER AP, IR APTFE
(0. 10 w t%- 20 w t%) HEAT B AKALBE . SLEGRH, BEE A
SRR MIIG R, BRARJERE, B K E PSR FIFLIR 2 1
Ko K FLBR 2 FOEE fil 08/ o IR IDRLAE 0.5 1 miff
SRR ) £ HO B 4B AT I FR M R AR A, VR (E Th R T IA
F524 mW-cm *, PePREFHEE N84 A-cm s AL, /DN
SR IR R RS RT AR v R A AR IR T s R X I B 2

TECHNOLOGYI
s % iz

PER B, (H 2 P F Tt 78 vy TRRVE AR G V8 B 26 1 T
T BE -
1.3 BEE R R e M R 4R

GDLTERE /WAL it b 2 S B 532 S KA 38 HL T
5 B FRNUM S FFII/E . (H 2, PEMFCH &1 FE 340
R VERR B AN AT 8 G s 3 30 TG D LI Ao 1 ot
—, WA fE PR GDL I AR i — AN 18 V) 75 BERR D (1 [7)

SRR JR A8 45 RS R LG D) L r 5 S ok )
Wenjiao ZhangZsA\"¥#i%&NaCl-KC1-Cr—CrF,7EH i
TRA, KRR, #1800 °C o 22 1) — vy ]
SERAR, BTN, RIE R RB—/INF, ¥4 ) EL
H, THE, 2 ILBRAR LRI % T Cr Cl EiR)Z . &id
MR, Frf3CrCOR 28U, SiaRh v . 2 ih
RIS, A Cr,ClR )2 M BR ARTE K I 8] B2 12 3 5 ok i e
TRV SO I 0 o 7 52 F80 S 0 ek v b 2R 358 o T LR R 5 v 1)
B R E . 751 MBRER+2 mg/ 150K, 70 C, 7E72 hif &
HLIAMRAR IS, IR RN, Z81.1X107° A-m 2. HifL
SEFAHTELEL 4 VSCEMHR300 ho 455K LB A Cr,CiREK
WAk BA RIFRI R . B Cr,C, i R BTk 4R LR
bb A A B PR B 4R AIC30%, HL T 56 A AL BB AR K 1. 565
I, AT Cr CoR 2 Bk AT B2 BE B2 i GDLI TR A -
1.4 RENFERRRBEME

24 2 N SR AR ORI AT SE 3, R AR
I ELEALO CHAEMRF I, SRR KT #5010
WiE FHERSE RS Y, SR JE DU B RRACERTH, B
AR TE B 4R S BRI 75 1) F o 38 i 2 i AN [R) 3T
FRE ] (44 72 105 15 min) , AT LA RIS HIFMP 73 & (2
Wt 6 wths 10 wt%h 14 wt%) o SAHYTRR RS2 06 45 5 3¢
B, H{FMPHAEE N0 wt%ht, FEBHFEAN5.9 mQ-cm, 4
fil 118 ©, B T BRI B KL BE « K IR BUE AT
XFEESEE, HXO0.6 g @A H S0 CRIFEMT30 g = H
I, BAGR T ERBH (1. 2.3 4min) , JFE
F120 CFF 15 205K AC. 251KV, BEFMPH
BRI IN, BRACH RS I, B BN, AR AR Y
I, Befi RGN SOMERR AR 28 B BRI AR 5, BN
5.6 mQ-cm, A NI ° . WEEARIIESE, mAE, B
P % il R 55 A b 25 G PP AL, IR BUEAS B0 oot ik 4R 4
BEAL T AT RIR B K e OB 4K, A 5L I 75 76 B /K
S T 1 e i — B AL I T R
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1.5 BRYCRMARE

Chen  LAENURE 5 DI A 5 Bt 2T 2 1) 46 (0 0k 4 S5
AIRIAE S DRI R S BV H5 min, 100 CH
T30 m i nffill & EHREAR, SRJ5 7 BITE A SR Ak oA 5
k(1,800 C, 2,100 °C, 2,400 ‘C, 2,700 C) 1 h. SEM
FIXRDAHT R, B AR A 28 Ak B2 I 2,400 CREAK 2
2,100 C. WA SRALAES,100 T}, 5 240 (155 FE 44
AR IR R B A5 . 5 2R W C P AT DATE B I i B2
A EATIRER I R4 1) 5 o, 1 B AR A 5 4k 1 IR
JE AT CABF AR AR AR £ A o TR, TR B 4R 45 7 35 24 10,
DRI AR 1] % Bl AR B8 A — o 5 1 R B

Lee Sora%s A5 58 P9 i 5 1 27 4 1 N
6 mm, 7EHNERFNH BV IR 12 h, 80 CKHALHE,
Ja B 47 4 T1,000~2,700 C R#ALHE, BF 7T 45 R BoR,
SRR IR B T, B B R, (B A S =
HVZE G 0. BE AR RS, A 0GB R R VAL O
RS, T BRI LT b, 2,700 CHE A SR A0 AR R B Ko
5 5 W0 1 ok 20K 3 30 HE s R O 1 o A 5 K, R A B M
of BB E I P2 TR AR S R RIS, RN
3,677.84+81.9 S-cm 'M1365.9410.9 W-mK ", ££2,700 C
AN AL B B AR 2. S AN 2. A% . 3 2 B B 4 B A AL
s AT DLE I 7 AR K P AR Sk B s B 4R T FE

IR STHRN A AR BEAT DO T IR RO 2 TN TR

SRRy, A AR BRI S5 BRIk 2 R e S B ARREA T 24
PE, AN R AR IR B AT SR AL S L, #RRESRTHI AR o7 o

2 MPLEIEHRHRE

MP LR A 2 FLE5 M 57 7K 45 R0 SF4H 35 &) ) 4
A, AT LU S B AR R A R0 2 5 K AL 40K 2 R D 2 A BE
77, B GDLI /K B, AT 45 5 PEMFCH 14 B o

ERH BRI KIMP LA B Z P, 5T
Wy LB R D, BEAS TS K B i S
HL R BVulcan  XC-724 % IMPLE A L HfL, HFfL
FUNFLAECER D, B HISS T RN SR . Guangy i
LinZe N 200 5 — 52 FLAB 6 2 ) S o M 5 v % B
Vulcan XC-72iR&WIRIFR, #SBALHES A 40 min,
FRE 1 PR3 £E40 min, EEAK. KPTFEM BB,
FABS MO I WA E AR L, JERMPL. 559K, 70 wthl

4| pns
F4455 2458 2023F128

KRB IR N30 wt% S HL % BVulcanXC-724H B IMPL b
BEA U, 60%IEFE FARBR D H R Aik1.544 W-cm ®, 100%
T T AR R TIAF1.778 W-cm * UL, MPLIHA
G ERBFLAR A0, ERR AR 2 TR R B 2 1S, %
T-PEMFCHY 1 RE 2 HEH 0 2L

W BT M P LAEAE— S R, 7 AE 5 32 E A
Kt ROEME 7 BRI R E G RENTEA
BT R R F H AR B AR AR R B R R 0 2
DU PR 6 od, BUARE B o, B 8w 1) 3 F AN
S, 113 A RN IR KT kAR (Carbon
Nanowalls,CNWs) & —Mp5a it (40K 45 i B R, H 4%
EHABGAARY ERE, JFHCNW s Rk
AR O K FH IR % . Adriana Elena
Balan N Wik 2% EWIK ISR TR, EAA
MR, ERARAFAEE R, B EREma L
AKCNWs, FEAR TR 4RI HUAR AR 2 1 AT F 2 A PR o
WA T HBIMP L, BB 4F4EFIP TF E4r BUE 7 A BEH,
AR ACFEL0 min, FESIBHRAEGRAC B BGDL)E .
SRR, 5ok BAEIGHEL, SAHCNW sl 1M a )
WRRH FE th 7 A VR B R0 e 0 A B R SR I AR R ke
B Ao £ N B 5 SR, CN W sJ2 M P LI /K M e S o,
Alik125 °, TR BAA S N9T ° FI102 ° o CNW s
SERPRTRRVE, T IR T B AR A2 S R ML R S R R AR 4 fik 1)
G 2o CNW s (1 FEIE e 26 R N80 "CRIBO% IR & T i
HIhE 295 mW-cm ™, W= T288 mW- ¢ m (i f A 2B I Al
276 mW-cm E IR B, FrLL, CNWsi—FaEE A e
MPLAARE, BA R AP A2 ORI AL 2 R e i, 75 Rk
BIRA R H T T AN Aok e P B AR

WYL B R4 K4S (Carbon nanotube,
CNT) FISGHR®EVulcan XC-72&HTHIIANBAE, ¥
B VAT PE AL PR30 min, BAAIE30 min, EE
Uik, 75 2R & 3ok FEAC EBHAP TRE, {6 H IR MR
WIMP L, 5 JE ¥R SN b 08 e 4, il Ak
GDL. SEIG &5 5 R, BECNT & 21N, Bi/KIHERE. FLIRZE
HRIZ BTG IN, FEHR K, HCNTH & A100%H, KM
REIX B A fE. CNTH SR BVulcan XC-T2[1 LR
5:50F, 7E60%INVE PR IR % 750,487 W-cm ®,
P ML GDL AR B Dy 2853 FE B N 742 8%; 100% 03 T, M FRT)
REFEAIAFN0.592 W-em®, HLps AT BUZ IR =



HERINT26. 5% XA S EAMEE A K IMPLE &
TR RNO AR A, BT S A B FLAE A, B S
PE, ST B KRR

Jaebong  Sim&EA P43 il FH I FfUR ST B 9 SR KL TN
JERHEIFEGD L, 25 F& R BB (kAR RS, il 4 MP LI [ 2%
PRI, DASMP LA S B M P LI M . Ji
WAk 2k . Bk 22 B PTG 3 i T B iR
AR, WKL SR B VMBS R ST IR, 45 53
FW, MPLH AL 2 1) Ak 2 2 TH BRI 5 FHL 7 3 22
SN, 56 5 M P L3 R A 52 386 K, MP LA S i,
MPLE A0 2 St B2 A F B K, 5 3B TGDL
[HEK RE

IR SCHER R B FIMPL Y, 2 I S MPL I A b
BB A AR, BOTE R B AR R SR AR R
R RE L BROKE S TERAGR THIR M P LEE,
BUBMP LR 2L S08, ResfnfLBR=R . 3G5R et K, A
M4 5RGDLIHE K M e

3 GDLAZHHRER

Wangfan Yang®E N HEAT 748 FIAS R 5 FO oy 1%
R TV VO Bk AR AT IR 5 R S B0 o T I T A IS VS
FERE R, FEHE 2R I HEFRE20 min, fSRH IR TRIE VA AR o
TR ARAEAN [R) A BE TR AR RE VS VR P IR AR FED min, S5l s
W R TS OR MR AX P S s, Jd i 779 Bk = i e
TR TRARAFLHLIIE 20 s, PR ER KM, 1R S 355045
Ao SRIEXIMPLIEEAT be 4, GDLSMEANS . 45 KW,
Ii5] 4, 28 [ I 55 v 1T PR ARG, AL FRZR L I LA A 2%
& S 2 (TR S SRR sy N i =R = EA TR A TN R NP
FhnHGER, ££240 °C, 30 m i nfi LR fefk. HLBHAR
TE [ A0 B S5 38 386 0, 78 B A A S5 40 5 08 T B A, 1 7R
A7 8 AL HL PR R R PRAR . ek, Syl B ah SRR, B
A4 EHAZR O3 mmAl &6 mmhg 48] A1) 5T 2 H e A
FETFo 2 B AN [F]9A E 11°) W T A0 Tl T e 44K 11°) 2% T 12k e 350
— I

Sadiya WaseemZN"*ZEMREIHIMBLALIE, {8 % AL
FHIBRA 4B A AN AT IR . DAER I G S i 41 4
RIERL, A8 AN R LG R i B AE (B 21 4 - B i 233l
2:1-50:50, 55:45, 60:40, 65:35, 70:30, 75:25) XTHRALIR
FOdH, B, JAFIEIRAC. 25 R R HEmE

TECHNOLOGYI
s % iz

FLBR A BE A A% A 2 B A BRI T 38 I, MURE ST (62.6%) ]
S6 (81.9%) , FLIRZC LRI N T 20%. KARFHL ) AR AL Hh
28 CHRCEITRUNA cm®) BoneF 4/ BTN 65: 35/IFF
R BRI 916 mW-cm Zo IX SEERIALSEHE T IR
RS BUZ (SCL) BRI Bz, RIFmEE
REREZETE Ty iR ARMERE b AR 5 B E R

Liusheng XiaoZ A" LRGN B REIAS 2
A 25 RVPAN 76D LALBR R BE M 45 84 7 750 SR FHXCT
XFGDLFEABEAT IR, W4 R NG PR CA A, SR 5 k47 [
D1 AR, 43 BIARICRs N R AAGDLAR B, 25 53R,
B 5 1 4 LU 38 0 30 30% T, BT 4R B R4 0, 25 1A
P 8 00, T T 4 3B T B NG D LA FH 4 J2 R B I L BR
W R B R BN LB 250 ) BRI T £015% A135% . H
S B AE B 1S THD 5 AR ST 7 18] b 43 30 384 00 17 100%
H120%. 1ZAF LS I UEBA T 5% G D Lk AT 38 FE I 45 nT LAk
MO S5 K, HPEMFCHIF 9T $2 fit 5 L K

Xuwei FuZEN"YFIF% 44 (Carbon Fiber,
CP) FBRANKE (CNT) (YT Rl 2 Al JE R (1% 57
TR T—Fh R — 2Dk %% B =R e ZMIGDL, 4
KI3FTR. ¥4 CNT. CEFIP TFERIIRS 7 B8 AMCE

(LRI , @ Pk i JE 3, ZBUIAR I JE 38,

Jo 18 S E P BT = R . IX = 2 AT LUAGD LR BEARTH
[IThAE, TS ING D L5 XUAR AR 1) B2 i ThI B &5 SRR A,
PTFE® &8 N10%0F, = JZ B E Wi H 25 M FAH, ONTE &1
TS, 57 = J5 R B 22 T G ORI 25 B o MONTR T-20% K,
GDLI¥FLFR 2 SOB B 0 o 38 3 fa B o BECF I % 8, 3T
DA R 428G D LI R o CFAKT-70%H}, FLERRBECF14
I B AR . B IECNT, SHCFMIP TFELE e & & A E
BC#, GDLITHRE Lb AR G 7 V48 1 1719% . BBt 9T 4 ST
S 15 BEL LA RS ) 4 GDL AR AL A8 4 25 SU AN FE %

Penghui Yang® A"/ Al S0 BRI BUE J7 %,
X 7S A [ FL R PS4 2R P Bl Ab il 2 o F it Hp O 3R THT 1 L
53 A WIS LR I o3 A R HEAT T VR o b &5

Fastfilter Sedimentation & Slow filter Slow fitter

d  NewGODL
CNT+PTFE Third layer
CF+CNT+PTFE CF+CNT+PTFE | Secondlayer
L | CNT+PTFE CHT+PTFE First @ayer

E3 —SEHEREA=ZMIARERHNRR

CNT + CF + PTFE
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SR, GDLALBR X SRRk e vth Wl 14 o 28 1) 52 i i 25 PRI
S TR I T 3G K, T A PR PRI R Ik B A K Rk
HL B PR AR SR R 45 G D LFLBR A R BE, 177G D LALBR A f AR
AT L5 M A o G D L) FL IR 2 A 1R A7 75 £ 1 m fL i
R, OO I AR RL A B A TR, BT A e g
TERE EL It R S A B 502 L S 23 A9 P A7 7 S5 L P A
A R R

SHAMARYHUZ (GD L) HEATHE 45 T LASR T+ R A) e ith
fIvERE, 32 BRI G D L SME A fil I /7, BT 3%
WD GD LI FLBRER, Y SARTEGD LA R A2 KB, M
PR SAR AR S RE, BEm 32 T et fE . Haksung Lee
25 NP FGD LT WAL, MR R4 EL (10%. 20%. 30%.
40%H150%) %FG D LI JUA[ TR AT A5, ASADL 7 HERR IS 2
WP et L, FEARIEG D LIk 4F 4 75 & 30 & A FLIR
JE S R TION TS5 A0 B o SR A8 LI SRR TG D L
45 R )15 . 25 R, 50% 5 45 LG D LEL30% 45
FLI¥IG D LEE B A 5 AL R 41 4 o3 A R BE i RIS ) 40 A, K
VB T B 45 LU R K3 K. R 4 K T EEET-30%
I RISE N, AR AR 2 B P I S A B P s A K
(R0 B S AR B R 5N o DRI, P RAKEG D LighAT i
MRS, 525 R R 70 R /ANRRG D LFL R 1 AR 1L,
TSI R I R A0 R0, PTHR T BRREHb FR P R

FEREE Y FHCOMSOL Multiphysic sz
PEMFCIE RS, DL—FLIEUAN0. 41 GDLAYFEHE, BTN
FEXUZ  RBHBERZ « DY JZ 56 B 1X = Fh ARG D Loy Ai 45
K8, R AR A K & AT H . S5 SRR,
FHECEAEGD L, HA MR &5 MG D Lo DU &4 B 1k “K
W7 MR, FAE—EFEE LR T GE . 75 P fLIR %
AHIETE, ] DL i 0 AL Bt 26 16 B2 B0 L B 2 46 2 4y
2 5 R v L I B AR A P HE K 1 R, E T B T FE R
T BE s Al B BB B AT 5 2 60 B 7 2 IGDLA]
LU R TR0 B b K B R RN v P A

25 RPEDHI R T AR EBIP TR EAI B B4 B IIR A
W, HAP TFEXThR B AR b s o 3:7, 2:8F011:9, 1
P RO IR T W AR R R . 45 IR R, TR e
TP N60%RIFE A, PTFEX ik B2 A 2: 8IRIFE fi bl PR L I 2%
FERK, H1:9FIFE AR L, %8 B T 2 s KL,
AT KRB NAKME . BN N, ML
BiKMEGD L & R B H W R I 34 o Bl 2 FEL I % T (1 386

6 | Pnms
FEA4EF 2451 2023F128

o, 3 BN I FE N 10 0% (R A Ak i 28 . ThR s
AL = BE AT, P LIS B BEA B /K MEG D LR 645 B R
TP P e

bR SR 2 R R AL A5 A B AT AT T4, XY
GDLEHTI& M 4i, Wit & A B EEFLIGD L] LA 4
FEGDLAHEK I BE, AT HE T+ AR} FEL ) 1 R

4 GDLHIKER

SR HUZ (GDL) AR R H it A 3 B A% i 48
1, BB R RIHE UK, I 2 FLA 27 S SE PR M — R 7= i
IKTEAFLBE P 9 2 0 72 2 BELAS SR 9 A BRI T
TEAGIBAL I BRRL SR HIR B, 5 350 FR A 255 e 0 ok 2 ) %
Ko BRORE LI 7E SO BN 22 72 AR K 2 /KRR, dn SR e 8
A O KR BB HE H 2 B R SR AR i E 52
M) FEL b S SRR o TR, o PEMF CHEAT A B /K 4 2
W

Qinchuan NiuZe A"l AR A 78 4 5 R %
20 min, ZILE0 w to [k AL ST, TONIE R
TH#E1 h, IEAEA50 CRIT AP MREE2 h, Bk, 193] T 15
HIBAT, 2220 wt% P TF EFLIR T iR 13 3 B K PR A o i
PR 7 SRR 1 FLAR TR A A2 I AR, M FLBE gk
IS, YRR 32 31 SRE I VT8 1 (R S, e b 0 SR 1)
G HEBE, TR b0 L 3 SR IR VR T . B B T
P fid AR R I, AR T A R B 0, BETH PR T PEIR,
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Biomechanical Treatment of Corn Straw for the Preparation

of Pulp, Glucose and Xylose
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Zhaojiang" (1.State Key Laboratory of Bio-based Materials and Green Papermaking, Qilu University of Technology, Jinan,
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Abstract: In this study, a technology for utilization of corn straw
based on mechanical biological treatment was developed, which
processed corn straw into mechanical pulp, glucose and xylose. The
air-dried corn straw was first separated by single spiral rolling and
sieving to achieve a skin-to-flesh ratio of 1:8. The corn straw skin
was mechanically milled and refined by 0.18 mm slit sieve, resulting
in a pulp yield of 75% relative to corn straw. The pulp tear index
was 6.0 mN-m’/g and tensile index was 22.7 N-m/g when the pulp
was copied with sulfate coniferous pulp and corn straw mechanical,
which the sulfate coniferous pulp accounted for 20%. The corn
straw flesh was enzymatically saccharified by adding cellulase and
xylanase, and the glucose yield was 37.5 kg/t corn straw flesh and
the xylose yield was 16.28 kg/ton corn straw flesh at 50°C and 48 h.
Key words: corn straw; skin-flesh separation; mechanical pulp;
enzymatic hydrolysis ; glucose
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Study on the Influencing Factors of Impregnation Process of
Crepe Paper
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Abstract: The effects of impregnation time, impregnation

concentration, gradient concentration impregnation, beating

EE;EE t:t degree and pulp type on the adhesive content, tensile strength
Mt TA2IF; EEMF AT 409 BF R and tensile index of crepe paper were discussed. The results
FE BB AR, showed that with the extension of impregnation time, the amount

of glue increased gradually, the tensile strength and tensile index

increased first and then decreased, and the impregnation time

RESHES: TS758°.2; TST62.7 should be controlled within 10 seconds. With the increase of
SCHRFRRS: A impregnation concentration, the amount of glue increases rapidly,

SCELHS 1007-9211(2023)24-0014-04 while the tensile index decreases gradually, and the impregnation

concentration should be reduced as much as possible under
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the premise of meeting other properties. With the increase of
beating degree, the amount of glue on base paper prepared from
softwood pulp and hardwood pulp gradually decreased, but due
to the influence of fiber morphology, hardwood pulp base paper
was always larger than that of softwood pulp base paper. When
controlling the amount of glue, it is more effective to adjust the
concentration of the impregnating solution than to change the
pulp, adjust the impregnation time or adjust the beating degree.

Key words: crepe paper ; impregnation process ; adhesive amount ;

tensile strength ; tensile index
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Pulping Performance of Betel Nut Shell and Feasibility Study
on its Partial Replacement of Domestic Waste Paper
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Abstract: In the face of the shortage of high-quality fiber
materials after the implementation of the waste paper import ban,
the paper systematically analyzed the application potential of
food processing waste betel nut shell as raw material. When using
caustic soda pulping (18% alkali content, Na,O) and holding for
1.5h, the yield of pulp is above 40%, and the yield of fine pulp
is up to 87.9%. It was observed by electron microscope that the
impurity cells became less and the surface roughness of fiber
increased after the pulping. When betel nut shell pulp accounted
for 10%, the paper strength reached the maximum. When the
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breaking index is 1.97 kPa-m™g’, the tensile index is 34.21 N-m-g”,
the tearing index is 6.5 mN'm”g", and the bending resistance
is 12 times. The experimental data show that when the ratio of
betel nut shell pulp is less than 20%, the physical properties of the
laminated paper meet the national standard for containerboard.

Key words: betel nut shell; containerboard; physical strength; waste

paper pulp
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Detection Analysis and Research of Papermaking Wet-End

Flocculation

© Deng Lifeng, Zhou Yi (Mudanjiang Hengfeng Paper Joint Stock Co., Ltd., Mudanjiang, Heilongjiang 157013, China)
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Abstract: This paper mainly studies the flocculation of wet end in
the papermaking process, and the main research direction is in the
detection method. Therefore, this paper introduces the principle and
process of various detection methods in the research of papermaking
wet end flocculation, and describes in detail the use characteristics
and effects of various instruments in the detection process, Finally,
several detection methods are compared and optimized.

Key words: wet end; flocculation; flocs; measurement
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Determination of Lead Content in Household Paper by GF-

AAS Method

© Peng Xiaoyue'?, Liu Yiting"?, Dai Yongbo"?, Nie Yisong"?, Lu Wenyan®, Tan Zhiyong*

(1.Changde Institute of Product Quality Supervision Inspection, Changde, Hunan 415200, China; 2.National
Household Paper Quality Inspection Center, Changde, Hunan 415200, China; 3.Changde Food Inspection Institute,
Changde, Hunan 415200, China; 4.Tongren University, Tongren, Guizhou 554300, China)

GF-AASTUEE 7R P TRRIAR 5

BV XIEE" RN BRMY A’

BEE

CLL BT 72 8 ol o B W BRSO BT, WWTRE 2 4152005 2. 8 58 A 3% FH 4G P2 b o & B RS 06 T, 1 i v o
4152005 3. % A AR B, WIFE R R 4152005 4. 4047 F%, M 411~ 554300)

|

MR &t

B3R, AEAHARK, HA AN, ¥
+; AR F @A TR AR RAEE
B A AR,

hE|SAE: TST7; TS761.6
WEHE: 1007-9211(2023)24-0029-03

O EEWB: #e-4 v 58E A Aa %] (2020KITH56) .

1 OE IARARAER (Vi Vaaw=10 1) HMAES, RMEE
HMB-CF-AASE A& R RP 450982, R AW £5.0~50.0 ug/
LZ A &k R RHF, AR ASAE0.99990A b ik B E H2.21%,
F ik FH AR EA90.42% ~ 99.40%, F ikt MIR0.45 ue/ke. %
Tk REK, ERTAERKTAS TGN,

FGEIA]: AL AERM; BB BT RO R

Abstract: In this study, the sample was digested with a mixed
acid of nitric acid and perchloric acid, and the content of lead in
household paper was determined by GF-AAS with wet digestion.
The results showed that there was a good linear relationship
between 5.0~50.0 pg/L, and the correlation coefficient was above
0.9999. The precision of the method was 2.21%, the average
recovery was 90.42%~99.40%, and the detection limit was
0.45 pg/kg. The method is simple, sensitive and suitable for the
detection of lead content in household paper.

Key words: lead(Pb); household paper; wet digestion; AAS
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The Application of Communication Technology Based on
Mitsubishi PLC and Danfoss Inverter in Control System
Frequency Conversion Driving System of Paper Machines

®© Zhu Jianrong
(Shanghai Lingang Industrial Area Economic Development Co., Ltd., Shanghai 201306, China)

ET=%PLCSFHERT L SNESHYIBTHIOR
FEERN TR EHIR G PRI A

O MEx
(FlEEX2FREARAR, B 201306)

N

i OE. NETATF=ZPLCHAhrEmEe:a
AR AT IRAE S35 h| R P e R R . PLCAY
HBIRAR S 5 T SR %A i R S4854 0 L PR, LAMRIE
BIR, BA R R BIAE F . FEHAT A BOR
.

KA AL, IR, PLC; RS485HATE R

Abstract: This paper introduces the application of
communication technology based on Mitsubishi
PLC and the Danfoss inverter in the variable
frequency drive control system of paper machine.

g ’_:E PLC communication module communicates with
}RLK 5% frequency converter through RS485 interface, and
IR, FRF 6 wR AL, to build the control network. The whole system has

high control precision, good real-time performance

and good application effect.
FE S TS736

CHRERESRD: B

NE4RS: 1007-9211(2023)24-0032-09

Key words: paper machine; frequency converter; PLC;
RS485 serial communication
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The Application Practice of Scale Treatment in Paper

Machines

© Shao Xiao', Wang Guihong?, Zhang Xingli', Li Qian’, Li Feng'

(1.Universal Pulp and Paper (Shandong) Co., Ltd., Zaozhuang, Shandong 277014, China; 2.Anhui
Xiongkui Construction Engineering Co., Ltd., Kunshan, Jiangsu 215300, China)
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Abstract: This paper mainly introduces the phenomenon of
equipment scaling in the process of paper manufacturing. The
main reasons for the equipment scaling are high water hardness
and high temperature resulting from long-term operation of the
equipment. In this paper, the paper introduces the reasons that
may cause the equipment fouling in the production process and
the corresponding solutions, in order to provide reference for the
analysis of similar equipment fouling in the same type of paper
machine.

Key words: scale inhibitor; water hardness; scale formation; reason

analysis; solution
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Application of Electrolytic Hydrogen Peroxide Production

System in Pulp Bleaching

® Yang Yong (Yunnan Yunjing Forestry and Pulp Co., Ltd., Pu’er, Yunnan 666400, China)
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Abstract: Hydrogen peroxide is a common bleaching agent in pulp
bleaching process, but its chemical properties are unstable, and its
use and storage have certain risks. Hydrogen peroxide electrolytic
generation system of Cheng Yang Tech providing a safe, green
and sustainable industry case. This hydrogen peroxide electrolysis
system applies electrochemical principle and can convert water,
oxygen and electricity into low-concentration alkaline hydrogen
peroxide, which can be directly applied to ECF bleaching process.
The equipment successfully pilot production in the bleaching
section of No.1 pulping line in Yunnan Yunjing Forestry and Pulp
Co., where the direct production cost of hydrogen peroxide is only
1053 yuan/ton (concentration 50%), which is very advantageous
compared with the price of outsourced hydrogen peroxide.

Key words: ECF bleaching process; hydrogen peroxide; trial
production; electrolysis system; pulping
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Upgrading Practice of the Coating Section in a Domestic

Packaging Paper Mill

© Zhang Dongsheng (Voith China, Kunshan, Jiangsu 215300, China)

KB RR IRMERBUENH

O KEE EPRHEAR(TE)ARAR, TIREIL 215300]

SRERE SHE
I, T BMEHRNKELAHARL
I,

hE 4SS TS7357.1; TS7587.1; TS761.7
XHERFRERS: B
TEHE: 1007-9211(2023)24-0053-04

B E: BARQERS AR FRRANEATERZT LT, &
AR, BARIRE @ og-F BB Rk, A AP, 475
TAa R 4EDynaCoatiRAALHEAT I R 7834, DynaCoat ATRUAFA
BEEA—ATetFlowA skt X LA, ARy XatsT
ZFaipA, BT A T Infrared-Dryer 49 & & A=HCB—turnk
RFBRE, REBFRE.

EHEIR: 4L A DynaCoat

Abstract: The existing curtain coating machine in a domestic
packaging paper mill consumes high energy and costs during
operation, and the smoothness and tension of the back side of
the paper cannot be improved. In response to this situation, we
upgraded it with Voith DynaCoat coater. The DynaCoat AT coater
is equipped with a JetFlow free-jet feeding chamber, which can
perform gentle coating in a non-contact manner. And the qDry
Pro infrared drying and HCB-turn hot air dryer were installed to
improve the coating quality.

Key words: paper machine; coating; DynaCoat
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The Influence of Soft Roll Performance Change

on the Operation of Super Calender
© Chen Sai, Xu He, Jia Rongzhi (Shandong Sun Paper Co., Ltd., Jining, Shandong 272100, China)
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Abstract: There are many problems in the daily use and long-
term storage of soft rolls, including roll body deformation, contour
deformation, bearing failure and structural loosening, and small
thickness of rubber layer. The above factors will lead to the
change of the working performance of the soft roll, thus affecting
the working state of the super calender.

Key words: calender; vibration; glue layer; resonance
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The Application and Analysis of Household Paper Marking

©® Gao Shuai, Ma Jingyi, Pang Fangli ,Ge Xiaohua, Ma Jinyou
(Tianfang Standard Testing & Certification Co., Ltd., Tianjin 300308, China)
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Abstract: This paper briefly introduces the labeling requirements
of household paper related product standards, interprets the
requirements of relevant standards for the corresponding content,
and finally gives corresponding examples to help understand, so
as to achieve the role of standardized labeling for manufacturers
and achieve the purpose of protecting the rights and interests of

consumers.

Key words: household paper; signs; standards
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SHANDONG HANTONG AOTE MACHINERY CO., LTD

htb: WABENMASBEERTE
-EB3E: 0536-6218640

{EH: 0536-6589968
-BffE: aote7910@163.com

-pk: www.chinahantong.cn(93Z) E. r:l: v -
= -www.hantongpaper.com{English) -

- -
23—, RENERFLRE




S T | _A—
WEWNBEEGRERHERL

Shandong Mingyuan Intelligent Equipment Co., Ltd.
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Shandong Mingyuan Intelligent Co.,Ltd Premiéer (Changzhou) Machinery Manufacturing Co., Ltd
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Bx & A : 0086-13869458966 B%RA: 0086-13869459768

Hi%/f£H: 0086-632-6715888 B i%: 0086-519-85787688

E-mail: mingyuan_jx@163.com £ ¥: 008B6-519-85782188
http://www.mingyuansd.com/ E-mail: info@premiermachinery.cn
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