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Abstract
This study aims to prepare composite cementitious recycled plaster mortar by replacing natural
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sand aggregates and some cementitious materials in traditional mortar mix with waste porcelain
powder and waste gypsum, respectively. Using the L8 (27) orthogonal experimental method, the ef-
fects of factors such as waste gypsum, waste ceramic powder, and cement dosage on the properties
of composite cementitious recycled plaster mortar were studied. Conduct physical property tests
(flowability, consistency, etc.), mechanical property tests (compressive/flexural strength), and mi-
crostructure characterization on plastering mortar. The optimal formula was selected through or-
thogonal experiments: waste gypsum was 30% (wt%), waste ceramic powder was 40% (wt%), ce-
ment was 30% (wt%), cellulose ether was 1.2 g/kg, defoamer was 2.0 g/kg, water reducer was 1.5
g/kg, and water cement ratio was 0.35. The optimal combination has a viscosity measurement value
of 88 mm, a 14-day tensile bond strength (with concrete base) of 0.45 MPa, a 28-day shrinkage rate
of 0.07%, a water retention rate of 90.5%, and a compressive strength of 15.59 MPa. It meets the per-
formance requirements of ordinary plastering mortar in the national standards JGJ /T 240-2011 “Tech-
nical Specification for Application of Recycled Aggregates (Interior Wall Plastering)” and GB25181-
2019 “Ready mixed Mortar”, and is used for plastering non load bearing walls in indoor dry areas.
Research has shown that there is a synergistic effect between waste ceramic powder and waste gyp-
sum, which can improve the compressive strength and microstructure of cement reinforced waste
gypsum recycled plastering mortar. This study provides theoretical support and practical basis for
the application of waste porcelain and waste gypsum in plastering mortar, which has the significance
of reducing waste accumulation and alleviating resource shortages.
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1. Hl

B E DA ARANSR AL A PR A e, Ak b [ PR HE R R RF T 6% . L S S B e Mk o,
PRGN E QRN PR EA RN & AR FY . AT, M Eph il H 5 i e i vk
SR AR 2 B TR i . P BRGS0 BT, MR A SRR R R it A kA F
59%-~10%, #i7%5 REJERHIN T Remlidi K e VT EIRFE, 3 TR FY) LB R 2 ik 15% [1].
H B ) &7 o™ 424 0.30 MR AVE LR, TAEM RS & 0= w4220 2.49 Mg A B RCR,, JL
T 4] 30% AT 2 RAI 2]

EREES RO NGRS g, IE50R 2 EASHE AN 5ok, THIBIRR &R
H, PRGBS SR T A[3]. HK, TS RIERE WS . AT, R R
MRS B 4.8 £, EERMARIEY A [4]. TR A RO AT MR ER £h( SO IREE > 2000
malkg)sh, BEIRATE G W] RERR B ALY SR A% R, RIS C S B M R OKBE BT = S R
R LT RS DAERIF[S]. BhAh, PREEHEE™ A1) PM2s~PMao 20K A2 AT BE XY =S Bk, 5
R DX I 5 5 e PR s PR AT B ANRUREIU) 2 AR IR AR AL AR S 02, IR R SRR A5 24 [6] -

T 51, EFAPRHAT L IE T I PR L RS S e R K DR PR . RN GRS a5 308 . BR A
E BT EMR G, SRREFHR T RELIGK 5.5%, HRRIMIGEEIAELERF 50 FIA T RAmEE,
H R Cad AR ER T0% TR AR RGUR[7]. HEZ A Ol G RAEERS, S8 TGN
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I 4E FEkiE 300% [8] [9]. KR &K SIE A B A GI NKIKRD IR &, ATSEIL “ DLRIARIE " TG E&0F
FE[10] [11]. I IHEE[12)0F 7R IR &5 BN 5%~10%0, P55 AT ) 12 MPa 3 % 13.8 MPa, fi#
SEFEM 3 MPa 1% 3.24 MPa. HHLHH (1338 KRG I0E T IR & B RN EE L1 24, R R
BRI R FRIEE] 30%~40%H, 28 KPiEGEE AIA 35~40 MPa, K iEREE (32 MPa)it T+ 5%~10%,
H W K R ik 3%~50% (A3 TR LI K 20N 19%~2%), 75 i i % o (IR, 1R BN 2 /N
WK 2 AR 2R 1%~2% DA 2 AR 755K, [ 2 BRI A R 30 CRORE KA L 2~3) B Bl T 1Y 5 S TR 45
BRI e SECLAEE N BEOE A 200 mm [£ 2 180 mm).

AT B A R AR ATE B AL G D 2 vp () KSR R 7 e L, IRBIREM SR AE
(R RV R AL, R I B R0 I A B AE R AR 5 ) S FH AR A B8 SR

2. SEEG
2.1. SERSRMH

AR A B PGSR A HE& ), BT P-042.5 /K AEEILI/KIR I P-042.5 il R £h /K -
JERMESE RSy 73 A A L

Table 1. Chemical composition analysis of raw materials (wt/%)

= 1. FERMEER S 2 (wt/%)

By SiO2 Al203 Fe20s3 CaO MgO K:O  NaO  P:0s SOs I.L Y
KAE 2.10 0.80 0.30 3250 020 010  0.05 1.80 4420 17.84  99.89
KER 7028 18.96 1.63 122 110 305 223 015 0.06 098  99.66

7K 23.45 5.37 2.81 60.24  2.56 0.37 2.86 224 99,95

HRINGHAT P42 400 BEFZETAER (1 AR IR AR A BR 2 7)), W7 (UL QT BB AT PR 2
"), AT R QAR R IR AR), HIKR A L.

2.2. IRHFRE
TKVBHIFEAR Y B Fy 22 MR N 2 .

Table 2. physical and mechanical properties of cement

= 2. KRR NIF MERE

, B IREZE I [ /min Py E/MPa PR E/MPa
KR FrHi%e :
Ik 2 3d 28d 3d 28d
P-042.5 27.4 186 230 6.1 8.6 26.4 49.6

2.3. SEH{UERE

HLF RSP (3200 24, BT RUR IR ), AT RAECI01 2, mimFE R A PR A ),
IKUe P AN L (40 x 40 x 160 mm, HFAUERA A, JrFEQICS-F, LK RARAR]), brdEdi X
(1SO, WM HHEREHRAF), EiiXbRUEIRITIL(ZBSX-92A, b4 RAA%) ), KBTI PUE— AL
(SFK-300, JAIAbiMACES) ), /KUEIE I FENL(NI-160A, I 1 58 SLIR A 2845 PR A7), /K Je ieE i 1E 1
TR FE(SHBY-40B, WL & BAZHUER AR A A), FEAMEHI(EP-2, #EETE RBESARAH),
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FRAERH B2 (TD505-WK1 B, TEHhRHEMAES FIRAR]), s ErL(500 g, 7 FESEEIR(SIXAR), X
PR AT (DX-2700B, FHARIETCIXES AR A ), 5 HEE(SEM) (KYKY -EM3900M, b5t E &L
R RHEEAER) .

24. KPR

(1) ARG & L AR PRI & R SR RL, BRI A E . KRB /KIEETH 2 kg ARSI IFIAIK .
SR RO L, SEBET TR, R IR A, Ry 12 708t SRIa SR
NIK, ARERGERE 10~15 2B, ERIRPIIEBIEIS] . JCAHIRPIRAS o P AR v B0 R e R A
6], HAPREDI AN G P R AT

(2) FHHRHLF AP AL JGIT 70 J5iE B AR, Z S BN B . 7R ANRD I,
BN IBRG, DHEERID IR KR, SRR R S SRS R R R m A, S
L2535

(3) BB PRI TR HE P EAT IR, 24 h JEIE . FRAP %A IR EE(20 + 2)°C, AR EEA
KT 90%. FRIIS ARG SLIR ERTE, —HoN 7 Ry 14 KA 28 K. SRS, ZEERy
R FEARSE, B IRIRI 2R & 2R

2.5. SRR

AR, EFEAFEBE. KERB R, KRS EERZRU TR AR I RE R, F
A2 TTHEKSE . 3R L (27) IEAZSEITAN 2K WA 3.

Table 3. Factor and level
% 3. E&RKF

K% (A) (B) © (D) 4z (E) WHlLfHl  (F) Bk ©)
K A E% SRR % IKIE% glkg alkg g/kg KR EE
1 35 35 30 0.9 15 15 0.35
2 30 40 25 1.2 2.0 2.5 0.40

2.6. MEREMI

FEIATAT VAR AE JGIIT 240-2011 (FHAE S RHS FHEARBRFE Y (P REFEA) 10 751243 590 I 5 b 2 (A A
FRK R QGIT 70). hifiphgEsmE(GNT 70, 14 K, HiREELFLE). Ui (GBIT 29417, 28 K)KHilk
SREE(GBIT 17671, 28 K)o KF X B RATHEACFH B45 (SEM) 43 SAS I - BT A I 140 i A 4L e RN T
e

3. GROhSITe
3.1 SEWEHERREWSIH

ISR Lg (27)IEASSEIE, RHAMRD I (Y FLE B AN )1 Ve REREAT TRIFSE, AT E S PERESEAR
THERMEZRAKPHE . EXERMARAFEEATSBE. KERBE. KEBES, BMRRRET
AR % 4 R IER LK IEAS LI aE R .

R Z (R)A KRBT A4, st F IR = AEXRHEE: C>A>B>F>E>D>G,
RARHE: BRI R RN AKTE > BAE > KRR > BoKA] > HilR > d4ERm > KK
bt o EREME KN T T4, PR SR (i L4 & v A2B2C1D2E2F1G1, B R A1 E N 30%, JRZH) N 40%,
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KRN 30%, “F4EREEN 1.2 g/kg, WHIEFIN 2.0 g/kg, /KGN 1.5 g/kg, 7KK EERN 0.35.

Table 4. Range analysis of orthogonal experiment results

4. EXRKWERMES R

WS o e AR SRR WA kn Aokl PEM) RARCR %ﬁgﬁ
1 1 1 1 1 1 1 1 86 85.5 14.12
2 1 1 1 2 2 2 2 88 89.2 14.04
3 1 2 2 1 1 2 2 94 90.8 11.47
4 1 2 2 2 2 1 1 98 87.6 11.82
5 2 1 2 1 2 1 2 89 91.5 12.56
6 2 1 2 2 1 2 1 87 88.3 12.35
7 2 2 1 1 2 2 1 95 86.7 15.34
8 2 2 1 2 1 1 2 84 93.1 15.43
K1 51.45 53.07 58.93 53.49 53.37 53.93 53.63
K2 55.68 54.06 48.20 53.64 53.76 53.20 53.50
k1 12.86 13.26 14.73 13.37 13.34 13.48 13.40
k2 13.92 13.52 12.05 13.41 13.44 13.30 13.38
R 0.96 0.26 2.68 0.04 0.10 0.18 0.02

7E: k1=KUl4; k2=K2/4,

3.2. BEERMERMRENT RS

(1) KV AETRARD 32 A R0 I 98 B i fie K (B 22 R #ie K 2.68), SR4R LD aR ks ks, HisE
BEUE TR IR 1254 RE . TKUR I KA SN F R /KA P 4 2 D S 53 B 1 2 ORI, (H i K Ve 35
BAWINEA, R AL S B SIS 0 . R, A FREHKIE B RN TREE R B & uF
EHEIRKID I B REE, KR 30%7KIE

(2) A BLEAR IR PRI I PR B R T 58 — R E N ZE (2 R = 0.96), KA B AL
TN AR I P R 2 E R, B AU T 2 BB e G LRI 40 B 5 . e is ik
SN B AE— E RS P HEATIRRS, R AL A, T & . seib R, Bk A
BAE 170°C~190°C /il B T e, AT LAEH A Z /K BR RS (CaS04-2H,0) 4% 48 N2 K i 2 £ (CaS 04-0.5H20) ,
NI A e e b 1t o FEMBCRE I R rh, IR AR (R DGR ) T 2540 — Mok, Bl B2 HI7E 180°C /2
Hi, MBBEIT R 2~3 /NI IXARERT DS R A AR AL, BB R A RS B, AT
ST PRACRD SR (AR 2 5 RN BR RE

G R S B R A T N BRI R R B A E R (119 mm B AR, R A E RS
U5 HADM EHE S, 185 TP RIS AfR e . B T, R R R G S TR R D K
W, TR RGBS A GOK Y, e TRPIR I MERE R . SEIR I BoR, BIRA BB E 2N
g, HHRmARR, SHAM RO R NG EESE, ATEER T BRI H 155 B FURL 25 1 [14]

JRAT B AE N IRRD I (B B 4y, HAB B4 BB b IR A 5 il ) L 55 B AR K I S5 1k R
AR B 1) PR A B AERD IR KA IS AR rh 2 5 At B o3 R AR SR A DB 2 SR, WIS AR D SR (1 1 g o 49
un, @SR A E AT DO KRR AR, e S KR I Pl , s it TR A

S
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(7 IR PR A W PR P2 B o A K 25 B A, DRI AE T 77 v AN R R, A6 b & AE 3%
Fedi, THEZTEA TR AR A R R

(3) IREAEAWTTT P MRS HE A HUR SR L R T 55 = PR (M 22 R = 0.26) A S I8 J5U b bl o B AT
TRACFR OB A, PR AR LR T ZEEAR R . BT AR 0 =AU B e R R B, R R R
i SR LA TR, BB BN KL, PR o LS S 7, REARAE 8 H (2.36 mm) L
o MU RR R B AT — 5 M KL KE Y, R B AT I R, AOURT LA R SRR 45 B IR A A 1
W REBCE R I A LS R RE o A SCHR 4196 Y, 72 IR A0 B SR SR vh v I B e PR R i v L T 2 IR/ A
B I ANHUEE 7. 28T, IR EM B R S Re s FE RN B A %, SRRSO, R
HHE G ER B R .

(4) LHYERBE(D) THIBFIE) /KT (F)FIZKIK L (G) SN 75 AL A BIF 8 Hh S 52 0E PR A RS 9% ) 470
SRPZJE TORE R R (M ZE R AR/, APYERBEA GRKAERISESE K 7 280, B TR/KIRTE 20 KA, JEHAET
B2 FLEEA B, BB TT RS . AT AR D SR B, ST R, o EE I S, e
MERRSE . BUNREMEMZ, B, (AFIREESS, egEsmmigaR], wlsEeEmR 5K a5
FERF AN S ARG B, BRARAS S, MR KU R MLIE RESE R BEAE N W], SE TR 1, & A R
L

TH VTR AT AR 5 At L rp SN, DR S AR ALRR,  $RTTH S SERE AN SR . AL
WA BEAROK IMEE, SR LR UMD Thiae

AR FEAR AR LE 8/ FH KB RIS AR AR Sh E, B D SR SE P, AT 5 56 P AR Ao iz
WA T ZARK K Ll DTl e, BRARIT MR, JUILE M TR R STl TR, Bes b Rimah
PE, SRR ), Sem ARG . WOKFIRRR KR, SPERBERK, JRRMRMR LIRS, IR E S
TARYE. LF4ER BRI T RS NG, HINE R, MRESHECE .. =F4G: SGaiRIHRN
MR ArsA kBRI ANE, T A2 BRI KR R

3.3. ZERANRESEIE

PRIRHD IR L VR REFRAR B R, PURSREE . PROKME. RARGSEamE . i fang FUR 1. fefE
Be 7 R A B N 30%, JREK N 40%, /KB N 30%, ZF4EEmEN 1.29/kg, THIFIN 2.0g/kg, KK
1.5g/kg, KKK 0.35. N T HAiF SRR 7 MR AR 3, il T B AR 7 IORE &, 05 AR 7 BOFE &
BT T HEREXT L. & 5 IRUFSCIRHIE R, BAEAASMPEN RGN 88 mm, SEERFA EFKARMEE R
(70~100 mm), 14 KH{HkG4son e (SRR -5 )2) 0.45 MPa, 28 KUNZEHR 0.07%, 5 HAR/KZR 90.5%F
PUEGRE 15.59 MPa, £ E K hrifk IGIT 240-2011 (HA BRI FHH A ML) (NEEHEK))F GB25181-
2019 (THERPH ) @R AR K PEREFE AR R o TR BT FH JEORLEIAS S s 1, Rk, ARHIF FERE Sl i
AR IFRC E

Table 5. Comparison table of best formula and standards

5. REE A SIMEXER

e B % Gl sz 14 RP7HhL 4558 -
MAE  BkEC) o (%) (28 d) (MPa) (G o) 28 RIUREE(MPa)
ARSI 90.5 88 0.07 0.45 15.59
FRUE >85 70~100 <0.10% >0.30 >M10

IR D RAEPUR SRR I 7 WISy, Jish B S th s & F bR EOR . X 78
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TP T RO TT IS, EREAESRIERD I TAEPERERIHTSE T, B IR R 22 RE, WL SEhn

FENAERETT I, RO BB RIS SRR PURSEEAAE R LIRIR. KRR BN
R IENEREA RGN . SR FA B BN, WRNGUSA PrikE. KRR &R BA — s,
REE 2 5K KA, ATEALER, RTINS [14]. KIS B IE N2 B & 1R M I I Pk 33
B, PRI RS b i 1 Z IR B R, HoKAL P DI RE UG 3R SR KR 45 T A1

3.4. HIIREFEHESEA XRD 1 SEM RIESHT

N T R FCFRYI [ R S AR S5 SR, G R3P TR) 43 3000 7 K, 14 R UL K 28 KIIEE R HEAT XRD
AT R ILE 1. XRD BEIRERoR, = ANAEIZR4 R R 5 XRD B335 5 — /K BRER4ES (Ca(S04) (H20)2)
FEUCHC, #4 2-Theta A 11.6°, 20.7°, 29.1°, 31.2°, 33.4° 4L\ EATH1& 5 Ca(SO4)(H20)2 [11(020), (-121),
(-141), (002), (051)fMIAHE &, R AE & IZMENN EELE AR, LAMNEE FR P KRB, &
(ki BT BE e, 45 o P R N 2R B IR A B TE K 2y 78 R IS M N IB B A N KRB, Sk E i
) 585 . X =AM BT T HUR SRR, PUESR 0N 7 K. 2135 mpa, 14 K: 4.565 mpa LA M 28
K: 5.187 mpa, KK [AIFRG 0] DLA R THRE M (0 ) Ve RE . R aR B AR T 5 R A 8 45 b S IR ARG,
P A0 B AR i P SRR T AR AS ZR A H RS

Intensity (a.u.)
r
?
3
4
& =
ba! b

TN PV U W TN

| | PDF#70-0982-Ca(SO,)(H,0),
[ 1)
10 20 30 40 50 60 70 80
20 (degree)

Figure 1. XRD patterns of plaster mortar samples under different curing times
1. T ERFE)FRP TR A SR AF A XRD

25KV 500 KX 10um KYKY-EM3900M SN:7125 25KV 5.00 KX 10 um KYKY-EM3900M SN:7059 25 KV 500 X 100 um KYKY-EM3900M SN:7088

Figure 2. SEM images of plaster mortar samples under different curing times
2. NERTEFIP TR KRS A B SEM

M 2 AT BLR SRR, 356 BOS-ERI (] 2(A)), ORISR BRAR , R 78 2K AL B IR A B R
AR HL T, SR ARE R (WORRALBRIIR) . KA W(In C-S-H BER) YA L, (E AT BOE S M
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EEER . PURTRIERAR, FESZ RTINS G H . A E NS B R KN, HKR
Il E

MFRYBBON 14 RIS (E] 2(B)), TMOMRFIE B A% SR R 4R T, FLBRIRD, KA 2 R AR AL
Blo JRERRB KL= g, FHR4E G 0CE (REE), E RN B brk R R, HET
IKAF=FR BFIFLIR B A A B IBRER shadt — P WU KR B, TERE 2 C-S-H B FIES AT

YFEFP BN 28 REF(E] 2(C)), OMAFIER I bR REK (100 pm), s MEE5E 5% RIF, &
BRSO R EA B . HEDN SO0 2 TH B4R O s BE SO, KA S NI e fi . PR BB FE ik — P G, (H
WG, RKWFNGIATE B RS RHE 7 /E F T Re B AR IR, PR A HOBRR 2h ) B BSE T
A,

WOMEE M WS R, RATE FIAATE 2 /KB KA FR R = T . I8 & 1 2R A 8 mT LA
TRV RIBEL ], i 2 R A B S REUESIA R AR, WK NS5 s, BRI
JIFVERE . B AERD R T LR B SR AL AR R PE ], BB RD IR MO 4544 . idid SEM WLE2 Kk
W, BEEMSKIEAZ G RIFIMAILE S, Rl amid R 1=k qe.

MALZENLEE BB, JRER RS H B EH SiO, (60%~80%)F1 Al,0s (10%~20%), HA — & KK Ll K%
P, A5 KPR KA A A AT (Ca(OH)2) R A: R IR RN, AE 7K A Aok B 55 (C-S-H) R K A6 8RR 5 (C-
A-H)S =, TS S RS [15]. P4 B M R 4R 41 Ca2* M1 SOF , T /KRR RE, (R ah4s
WA (ARYAE R, 4P L FAA AR, R 2 2 (0 B[R 2508 FER S5 (16138 XRD A1 SEM 73 #r &K I
BEM S RAEERE(RELL 1:1), Fis & 736sm 209% 0L - (h45 585 M 0.8 MPa 15 45 1.0 MPa), [A]i
THOWL £ K TINS5 (FLAR A 50 pm I8N 2 30 pm), 3X 95 SRR S 4R AL T B B PR S A

4, g5ig

(1) IEXSZIAEREY, RERTTIEAEN 30%, KEMN 40%, KiEHN 30%, LF4:EBEN 1.2
g/kg, YHIEFIN 2.0 g/kg, KN 1.5 g/kg, KRN 0.35. fAEAA A MR 88 mm, 14 K
kG4 TR (5 IREE 3L )E) 0.45 MPa, 28 KUYL4EZR 0.07%, F+5IHLAR/KER 90.5%FHi £ 3% 15.59 MPa,
6 B bR UE JGIT 240-2011  FAEH BN FHE AR Y (A HEHK) T GB25181-2019 (TiidEabH ) ki@
PRIRHD I VE REFR AR R

(2) TG R FRAL 5 A3 H 1 5% (SEM) AT X S 2R AT 5T (XRD) 0 #T, TR 1A S0k T 25 R 26 T
PE(UN 2 B TEARLRE 22 1) A B T S 0 S O 25 48], S N85 SEFE o IR A B AE /KA A2 i 5K AR Bk
KA, A A BB (KA = (R BRES — /K &54), b 03858 T RbIE ISR . i3 1 b )
TERARAL T IBSRBIFLIREE M, Wb T FHALRR, s Tt ATE .

(3) ANWHFLIGUE T P& AN R AT E B TR I AT AT, WbV RIS 2 B R Z R o MUK T
HgIHECR, SR BRI TR, AU RE T AR, K SR R A S A . AT AT K
I P42 5 5 A B W A R P DA B R R8¢ e e 31— s RIS, HES IR S TE @ SR i B T
Z R

E&UH

BT R E (W H 95 2023GY005), &A% 'S 2025360201089139.

&E 3k
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