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REREEY, SAHBFEUERDAREL RN 025~
0.30v KF N 0.4 I, B A ERERARS . H 83
AE B AR AL G ) 2 T 2085 e B SEAE VS 10 4 1k 771 B il
B S N (SE 2 SO 7 1P G O L = T L AN B Y IR
LB, R TRIE R EZIRE P & A
SR R XA B AR M R B R SR Y, B
LA BEEE SRR b EEE R GUIER, HIA
WEFE A R 2 7 22 PR RE AT BRAR AR . ORISR T
KAERE RO FCIAR 2312, e RSB A M RLRL
TGS U I8 A B LSRRI LE O EE R 0,30,
IKEHN 0.4) BBEAIHFIER L, UARTESRZRELT
Y A AN SR A AR S P = SRR IR i O R
Kl ST RGBT I 2 RS AT A B AR PR T
2 IFITRERE B E SRR BN /7 “A 2k RE A bE 1k
RERTIL, DAWDN R HEE SRR MEZR A H
EEMRL S TR iR 5%

1 #R57%

1.1 MR5E&
L1.1 X¥HH

R A BN RIS E RS ERA TR A,
PP FELR 4, DL RAZ AR AR 4E RN A B A6 2 H s 56 =
Hiill. Hr, R H LR, 2018 46 HIK
F, BIwCIE KA EAT, RIS ATHET 2 5 KR IA 8%~ 12%,
HIERE N 27.89 kg/m®, TREF. B, B HL
BB A2 AR HIF BWHLE M T, 20°CH 65%AHXE
FEREE TS, PR TE S AN 0.486 g/em’.
F AN AE LTRSS AR LR 4k FIRLAZ 73 508 0.30~0.60+
0.18~0.30 1 0.24~0.56 mm, AZAHTE [ T8 5 F1 S JE 43
B4 1.60~3.16 F10.16~0.82 mm. KEE7IAXAHG =%
FJE-PREEM e (melamine-urea formaldehyde, MUF) ,
i1 Akzo Nobel Adhesives Pte. Ltd $2fit, F7 4 H kIR
[, [T AR A B EE T A
1.1.2 EBEH5%&E

BX-218 RUXGEHAL W Bl R SR LIS 25 PR A
7D 5 BX-216 BEHI AL ORI —E2HLIE & A TR A
F]D 5 ZSP-300 B mik AL AL CGEARIELR (BRHD AIRA
RSN D 5 HN-50 BN CREESE S a
AR ; XLB-D680 B Tttt bl (F B 1EAFHH R
Aw]) ; WDW-50E 7 ae il (G agtiliapl
HFEERARD 5 FTT0007 Z4HEE &AL (Fire Testing
Technology LTD, UK) , Phenom Pro 7! & x0T 3 Hi 85 (&
PNRLEA A (i) BIRAFD .
1.2 AEEESMREEIE

TRBERL AR A AR AL S Bl A AR T, Bl A
BLARIN TA3 3. FRELF AR AR LT 4 o Sl i ) HLbn
TRREIAE, PR P R A8 S M3 i A [F) 4 B VR 50 T )
B, Horr, AHE RS AR AR L YL BB B 3 K
FHZEAE LT 4 B IRECR 2 Ko

MR SCHR[25], HsE A E B S A MR & S 80hKE
teo 0.4, RELH 0.3 MR FLZOTEHR L &N 6%~

10% AR A4 1 B SR A i 720, AR SR B 8%, I
I, L MUF 3277 i 808 T 27 4 5T 0178 i & 1)
33%, FRRBTELLA 5:1:9 i MUF F57. MUF [E46 7511
KIRETE RS, W AWHRIEG AR, H5AER
HATRMRE . EERFMAT (22 T) NHHERRE
BATE, BN 6 h, EJIN 4 MPa, &SR E
FERAEHIRA R E, A B EESMRYIE . Y]
AR R K, KN E oK E T (0.4) T
FHASR), WOKJEARM A E, NEADT 8h, K
N 1 MPa, DMEHGRFZERIZ RN 80%LL L, K&
AR R R R R AR AR R R s R RO S ARk BT
45 CHEE, HEEKEILE] 2%~3%, &EHRME
(20£2) C. 65%+5%AHXT M EEI ST h 7747 7 do IR AL
1N 400 mm=400 mmx10 mm, 25~ 1.2 g/em’.

1.3 WREHZE

PPREE) 77 21t BE M AR 418 SCHR (3413647, M brE
FEE LR 24 h KR EZIK % (thickness swelling, TS) 2
MR RS HL, DL N 45 G 58 B (internal bond strength,
IB) . ##i58E (modulus of rupture, MOR) Fl5# {4 A &
(modulus of elasticity, MOE) J:it 3 712 ERES S,
JitEtkRe R EE WM EE LN 8 N, MRS BRIy
Ho FZRERAZARI I o5 & AR SRR (35138047, EE
AR 5 A, M4 R 1E .

PRSI BE IAAR B8 SCRR[361312E4T , MR FE AR EL G Sk
IFIE], POBEOE 2, B BABEE . CO, il CO A i %
A P SR i R, Il B AR G SRR e O 50 kW/m?,
FIFH ISR, B RSN 1 ]/5s. BRI REMA
FIEZAEE N 2 4, WAL R .

2 ZER50h
2.1 YR ERE
MR, 22 FEFIAZ AR K 53 o1 B 53 B0 3N 5.33%F1
0.74%. 2l i FNFNEE 515 B B AN [FPR AR 1) 22 Fl 41 24 DA I
ERAHEMEAROE, HEELHE 1.
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straw fiber
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Fig.1 Morphology of reinforcements for gypsum-based
composites
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M T2 R R 2 8 W T o SR, B ROR
M, FTEM R RAE T, 138 ARM 4 4R 25
FREE N HEMBA . GE, WMER”T YRR
0.18~0.30 mm YU, HARLYERIIZTE 0.12~0.20 mm
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straw fiber

a. QALY
a. Small wheat
straw fiber

o ALYk
c. Fir fiber

d. AR
d. Fir particle

A2 FE¥EAGE FEE M

Fig.2 Gypsum-based composites with different reinforcements
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Table 1 Mechanical properties of gypsum-based composites with
different reinforcements
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SCHiR FLiES Internal Modulus Modulus of R .
Literatures Reinforcement bond of rupture/ elasticity/ ](Degrsrllt%/)/ Thlcllipess
types strength/  MPa MPa & sweo ing/
%
MPa
MR 0.11 33 1070 1.07 3.42
MERLTSE 033 7.1 2370 122 282
PN ]
KR LY 0.45 8.8 2770 1.35 1.38
AR MITE 1.28 16.5 7350 1.25 1.23
SCHRPY SRRk 0.18 5.07 2481 120 110
SCHRPY SRRk 0.20 6.0 1310 1.13 -
TERPY ERERORE 0.02~0.16 0.7~1.7 377~1800 — —
TP EREEOE 0.12-030 42-66 1876-2364 25"

1.30

H T P A (A1 6 45 PR e 0 A B R R A PR ) 2 R
BEFMMY, SR MUF B EEGT, ERINEAES
1858 A 2 18] (R 86 45 7 FH I RIS, 388 b 1 AR il 4 T2
R IR EET 3800 B B LAES LR . SENa
BRI OGBS AINE IR DR A T2, 56
— P B A B 70 B B 45 R AT ARG — 8 TR,
WM IZ SR R AR R BRI BOs i K 4,
HREAEMEERER— PR, HRARLWE. %
T2 PR IRIEAT, fRU T A B KK Ko 1 75 2L
FiE 22 7K A R I BRI E « AR P AR 286 45 5 R I T I o

ik, RAZTZNABEEAMEEEBRINY
HJpERe (AR 1) o AEFREA4E A B ZE MY 2
J1EE PR (LY/T 1598-2011 A AIEHR) FrifEl"
EoR. RN, HHNGEERE. SR, SRR
BOCHR[21]5 65.00%- 18.33%F1 80.92%, B SCiHRk[22]5
T E R NAEFR T 106.25% 255.00%F0 31.67%. LRk

201 RAMZERE S A E R EL N 0308, 54T KR
B 0.3 8L, STHRBL, WMEMAYAHERLEMRITH#
PERL I SCHR[201MIC 4.47%, {H PN &5 4 5 52 R0 il 56 5 )
i 83.33%F1 40.04%.

IR 1, WERALAE S SR &I 5P Re
VIRMHERAEABEEAMER 2 fFLE, EAGY4R
BEEME )5 e K THER A A EE S
Bh AR E S EM B 5 e sz & T oAb 3
ARk, HULEH, BRSPS R E &
PRI BRI S5

HE T ZE&MHT, MERFEAERLSMEIINE
AromfE . FR SR . AR RN ) ) LUORH 22 R 4T 4
FEEEMEE 200.00%. 115.15%. 121.50%F1 14.02%,
W 7K R K R A 17.54% o 5 B2 J R 24 2 4 R ~Flok,
5HERE GBS, EIMEFRT I, d2m
KR SBEREGAETAEEEZ/BIFB S F, IR
WIS B IR ARG 4, PR B 5 R 2 R A o
B, AN ASERROM JE 55 i A 0 4 TR 3L

ARG Y WS G EREF HEMLL, SR 4
HEEEMEMLIL, ERGEAERESMEIHINSES®
w2 i 36.36% 23.94%-
16.88%711 10.66%, M 7K JE A K 241K 51.06%. 1T LLE H,
EARGYEAEL SR A R A, BRI
NS SR K s R R Y, BRI T MR I R
g, AR EFRY ERE Rre AE EE E . BhAh, FZREW
HENTFIA, fEAFERVE LSO, ZREE KK
PeR AR, AL AR B RA B AR F A b, AT
T OB SERB KRS . BRATBSEN, SEA
CFUEMILL, ERELT4E G R BARPY, Xt R A
YA B A MR RAR T A2 KA 4apt R 1 S5 A

® 1R, EAROEAESGMEEE ) ¥R
B TASARLT S, FLNSE G omiE . i i om 5 A s e 5
BOMEERGEAEE GRS 184.44%. 87.50%FH
165.34% , % & FW K JE R K 2 5 ik 7.41% Fl
10.87%. "JLLEH, REEKOICHE S E MR E
Mg/, BRI . FEREN, 45082
IR ZREOR, MR AMFERENE R, fF4Em it
FTARTE R, T A AR B 78 5 1) 8 AR 2 7 () & AH
WP, AFF IR A M REAN BAZ AR UAE A B E 54k
2.2 PRIETERE
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VRIS TR)HE M L2 THI 52 #0210 A2 0 R BT F PR [
S ETRFMRLE TS 5 T SR SO, B
WRESF T, JCRR R, K SE R

WSEA 2 B . RS YA B E A MRS
WAL, DL M SR AR LSRR A AL B % EE L 3.

ME 3 FTLUEH, ARGYERE TG MR SR
2 171s, EARUEAE R EMEHETHEHEIR T 589 s,
M2 R4 E 2 A M EHE RN R sk, Hos
PRI AR 1 200 s, RIAMRERI SR % Bk
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Fig.4 Curves of heat release rate and total heat release with
testing time
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—NHIELE 210 s AL, IE{EN 51.00 kW/m®s 55
AR L FIAE 870 s, A 87.45 kW/m®. BREEIE RS L6
TR LR ZARE RS ER R, e Sz 3 AT i ml
RS, FRERT AR, RIS E, HIE— K

G, H BT TR S — R Ge I BOAR M BRI BT T BRI R AL 2
PAKAT B R 38— 2 I BER R, (AL 8 52 T,
PR TBOE R RGE R, BB R ZEM R R
B, WEMEZSEZBIHRERS, 51N R
BRI RRFNIRRE TR AN TR

KR ONTE A E A MR 238 R B2 M B H 3 i
i, LRI R S A R 44 B E S MEHRRT 65 s £
i, WEHLRIN 89%. HRAYABELEEMENEE T
R R A, FE R FDEM B —BH T RRES, #%
PR RONGNS, H] T AR . thAh, AR
YA E MBI AR HCEE — BT R4 A
BEEAMEL, mTReRF AT HMEELEE R, WRER
g, (AR % SR T — 2 iegs Y, Mg
JE G i B2 K T A% 38 215 K HT

2) BRI E

R AR TR R B TR AR B HR pe B T HE 1) A A
HEHERR, B2 R ERSRER, 5| KK
RPN, 4 B R AR A IR WL 4.

MK 4 FTLLEH, EARGYEAE R GBI
PR PR IG KB BE, 20 IR R FACRE TS 2R I HE
PRI TR] A, 58 B B 3 K 3 LU 28— By B R 82 (1 I [ B
K, HIKTE KR, LU IBIREEE Rz, 2
KU B E A PRMULE S B B H DL R TR
PUESE KB, HRU Bl KRR SE, e R R
PERGE R 45 R — 5.

HEETERAGESGME, ZRFgEaES5ME
[ AR TR AR X P28, AR HH BRI I K 1, X
WS ERABEEMERIBIRE R L, HER-T%EH
B A MR 2 1) R AR TR 43 IS AR A1 4 B b
AR EFEHE 21.07%F0 2.33%, 4040
BE MR MK 48.18%F1 35.87%. #t—xF L & BN,
Y FE A 4408 5 A MR A B R IR R LR R 4
$e B HEAMEUE 4536%, EEEREEEZRFH.
2.2.3 BEBEK

1) CO, A pliid

CO, L B RARM BRI B I £ . CO, 45401, 4
HAERE MR CO, A GERILE 5.

WTECEE 4 FOBE S TR I, 3 rhonh I ph 28 i A R
AAHE, IR BRI A E RO CO, A i [R5
AT, BEMERZES.

EARAHEABEEEMEERA CO, A E R I,
a3 BT LT P AN BRI B, T AR o B AR AL AR P 2%
B ANEAELE 215 s B, 4 0.049 g/s; 55 /NE 870 s
I, 8 0.071 gfs. ZREA4EAE A MBI ABlfe
AEEAMER CO, A piis 2 ih 22 A TE 28 — RGe R B
DL, & B REAE 75 52 KRG 405 26 MR
56%- 58%7FH 96%. HHUMLTT LUFE 3 s AH R 224, HE
AMEHRBEE R CO, A R RIGH i/ NFAA, HFE
A SO B A MEHEE S BB KA a8 E a0
BRI AL E A A EHIK 43.66%A1 40.30%, NZZFE4F 46408
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EREAREAAG 40 EEEMEE LR, 331K
T AN . RS IRBEMT B, 4 FPBPRLE) CO AE il 2
W AE 2= TN, ML RE LT 4. NS LT 4. AR L4 fn
EARBEA B E -SRI 735104 0.003 64 0.003 7.
0.003 4 1 0.003 8 g/sc L ARLFHEFNF R UEAE L SR
HI 5 = ANEAE R 0.001 6 g/s, FEMLZ 5, 4 HEhZR LI
F Rk . L, BT I ZE RS 4F e 2 R BIE A &
FAMEHY CO 2k Bl H B, 1 5 B A R e F2 A7
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Fig.6 Curves of smoke production rate and weight percent retains
with testing time
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e, EARGELAEEAGMENEHARK, &5
0.010 5m%s, ikl MEBAEMEAUELEES
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B, FTREUR IR S X B o TEEE RN EE, AR
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B E O MR R B i T 4 T R o5 AR R T R T T
EH, 4 A BT AEMRIERER LK 6.

M 6 aTLLE H, X TAEP AT 4R n] BRI SR A, 4
A BT SRR ERIMEAHFEIR R,
FNEE IR B B AR B, R A R UG I
1) 25%, 1Ja AR BN ER NS, RPN BRI B A4
AL A N A B .

K 6 KW, MWERMMBEEENAFEELEMEE
WRFEMR . HmARHERS, &N aEE e
B R AR ERIEAME, N 68.00%, SEAAEES
MEIFRE R 65.00%H L, & 4.62%, XFEREANFEFRE
BRI T 3 R BV = (W 2K oy B S A SRR IR 1 R AR T-42
KK

H T4 ) (0 5 i 5 5 B ) DAy E R 956 R 1Y), Bk
RV 2 R WA BHE 52 K5 18 BEF A AR T B v (1 2K 3 e
715 FKF R KO T A B K, BTk MERE R .
2.2.5 RKHERR

UK PERER IR 5 A R s Al 10 A B 22 A pERA
ISP S LI 7.
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Mechanical properties and fire resistance of gypsum-based composites
with wheat straw

Yue Kong'?, Li Mengyu?, Liu Jian!, Wang Lu?, Liu Weiging®, Lu Weidong®
(1. College of Civil Engineering, Nanjing Tech University, Nanjing 211800, China,
2. State Key Laboratory of Molecular Engineering of Polymers (Fudan University), Shanghai 200433, China)

Abstract: In order to improve the full utilization of wheat straw, to enhance the mechanical properties of gypsum board and to
increase the fire resistance of wood-based gypsum board, a new preparation process of gypsum-based composites with wheat
straw was put forward in this study. The thick and small wheat straw fiber were used as the reinforcing materials in
gypsum-based composites, and their dimension were in the range of 0.30-0.60 and 0.18-0.30 mm, respectively. The gypsum
was employed as the continuous phase in the composites. The ambient temperature curing structural adhesive was used to
replace the traditional gypsum retarder in the new preparation process of gypsum-based composites. The preparation process
consisted of an initial forming stage for initial strength and a curing stage, where the objectives were gypsum hydration and the
strength further increased, respectively. Compared with the conventional gypsum composites with Chinese fir fiber and
Chinese fir particle, the mechanical properties and fire resistance of gypsum-based composites by adding wheat straw fiber
with different dimension were tested and analyzed. The results showed that the physical and mechanical properties of
gypsum-based composites with small wheat straw fiber were lower than those of gypsum-based composites with Chinese fir
fiber, but were better than gypsum-based composites with thick wheat straw fiber. The internal bond strength, modulus of
rupture, modulus of elasticity and thickness swelling of gypsum-based composites with small wheat straw fiber were 0.33 MPa,
7.1 MPa, 2 370 MPa and 2.82%, respectively, and could meet the requirements of gypsum particleboard standard. According
to the lower thermal conductivity and higher ash content of wheat straw than wood materials, the time to ignition of
gypsum-based composites with wheat straw was higher than that of gypsum-based composites with Chinese fir fiber, and there
was no obvious peak heat release rate in the fire resistance test. Compared with the gypsum-based with Chinese fir fiber and
Chinese fir particle, the total heat release of gypsum-based composites with small wheat straw fiber was 48.18% and 35.87%
lower, respectively. The main peak of CO, production rate was 42.25% and 38.81% lower than that of Chinese fir fiber and
particle gypsum composites, respectively. The main peak of CO production rate was comparable to wood-gypsum composites.
The weight percent retains of small wheat straw fiber gypsum composites was slightly higher than that of Chinese fir gypsum
composites, and the appearance after burning test was more complete and the degree of carbonization was lighter obviously.
Due to the smooth outer surface of the wheat straw, the gypsum was mainly attached to the internal surface of the wheat straw
by microscopic observation using scanning electron microscope. Therefore, the small straw fiber could increase the contact
area between the internal surface and the gypsum, which indicated the inherent reason for the better physical and mechanical
properties of small wheat straw fiber gypsum composites. The smooth outer surface of the wheat straw was almost covered
with SiO,, which also explained the superior fire resistance of wheat straw gypsum composites. The study can be a reference
for the performance improving on the gypsum-based composites with wheat straw fiber and its application in project.
Keywords: composite materials; physical properties; mechanical properties; wheat straw; Chinese fir; preparation process; fire
resistance



