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Abstract: To address the issues of inadequate resource utilization, complex processes, and low economic
added value associated with electrolytic manganese residue (EMR) solid waste, in order to effectively consume and
utilize EMR, this study utilizes experimental methods, underpinned by preliminary theoretical analysis, to examine
the impacts of basic raw material ratios (mass ratio of EMR to the combined mass of EMR and FA) , alkaline
activator ratios (proportions of water glass, NaOH, and mixed water) , and the types and quantities of foaming and
stabilizing agents on the performance of the targeted insulation material. The findings indicate that both the basic raw
material ratio and the alkaline activator ratio profoundly affect the molar ratios of Si0,/AL,05, Si0,/Na,0, and liquid/
solid mass ratio, significantly influencing the mechanical properties of the samples. Optimal mechanical performance
of the construction material samples is achieved with a basic raw material ratio of 0.7, a Si0,/Al,0, molar ratio of
4.0, a Si0,/Na,O molar ratio of 2.5, and a liquid/solid mass ratio of 0.5, resulting in a compressive strength of 11.15
MPa and a density of 1 476 kg/m’. Furthermore, the type and quantity of foaming and stabilizing agents influence the
sample properties significantly; optimal performance of the building insulation material samples occurs when using
hydrogen peroxide as the foaming agent (4~6 g) and a laboratory—made stabilizing agent (2 g), achieving a thermal
conductivity of 0.104~0.131 W/(m-K), compressive strength of 0.69~1.49 MPa, density of 433~533 kg/m’, and a
cost of 1 294~1 722 CNY/m’. This study offers new perspectives on the extensive consumption and utilization of

EMR, reducing building energy requirements while fulfilling insulation and thermal resistance needs, with

considerable potential for engineering applications after further optimization.
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Tab.1 The composition of electrolytic manganese residue
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Tab.2 The composition of fly ash
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Fig.2 The effect of &, caused by basic raw material ratio on the compressive strength and density
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Fig.3 The effect of &, caused by basic raw material ratio on the

compressive strength and density
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Fig.4 The effect of &, caused by the amount of water glass on the compressive strength
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Fig.6 The effect of &, caused by the amount of NaOH on the

compressive strength (£,=5.0.£,=0.5)
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Tab.3 The experimental ratios and results for the preparation of the building insulation materials
3 w . . . E?@%ﬂ Bl AR %*ﬂwﬁﬂt/ USRI/ “5&*“/ A/ o)
R Mg Mgl (Wem™-K) MPa (kg-m™)
HP-1 0.5 3.9 2.5 0.5 WAEIK 2 2 0.158 2.40 635 2114
HP-2 0.5 3.9 2.5 0.5 BEIK 4 2 0.131 1.49 533 1722
HP-3 0.5 3.9 2.5 0.5 BUEK 6 2 0.104 0.69 433 1294
HP-4 0.5 3.9 2.5 0.5 BUEK 8 2 0.079 0.37 336 1343
AP-1 0.5 3.9 2.5 0.5 Ly 0.25 2 0.191 3.35 1096 2409
AP-2 0.5 3.9 2.5 0.5 A 0.50 2 0.164 0.98 1004 2635
AP-3 0.5 3.9 2.5 0.5 WA 0.75 2 0.157 1.12 967 2734
AP—4 0.5 3.9 2.5 0.5 R 1 2 0.175 1.78 1039 23883
SP-1 0.5 3.9 2.5 0.5 IHBRFRH 5 2 0.256 1.12 805 1943
SpP-2 0.5 3.9 2.5 0.5 atERIREN 15 2 0.154 0.55 606 1759
Sp-3 0.5 3.9 2.5 0.5 BRI 25 2 0.122 0.34 509 1 646
SP-4 0.5 3.9 2.5 0.5 TR N 35 2 0.106 0.26 407 1 449
HP-FS-1 0.5 3.9 2.5 0.5 WK 6 1 0.125 0.79 538 1531
HP-FS-2 0.5 3.9 2.5 0.5 PIEVIS 6 1.5 0.116 0.56 493 1347
HP-FS-3 0.5 3.9 2.5 0.5 WEAIK 6 2 0.109 0.50 454 1243
HP-FS-4 0.5 3.9 2.5 0.5 WEAIK 6 2.5 0.115 0.62 475 1308
AP-FS-1 0.5 3.9 2.5 0.5 s 0.75 1 0.171 2.20 859 2208
AP-FS-2 0.5 3.9 2.5 0.5 e 0.75 1.5 0.157 1.26 799 2485
AP-FS-3 0.5 3.9 2.5 0.5 e 0.75 2 0.149 0.97 727 2641
AP-FS-4 0.5 3.9 2.5 0.5 Rk 0.75 2.5 0.164 1.19 766 2740
SP-FS-1 0.5 3.9 2.5 0.5 EkREA 25 1 0.256 1.12 805 2559
SP-FS-2 0.5 3.9 2.5 0.5  RBREREN 25 1.5 0.184 0.57 606 2079
SP-FS-3 0.5 3.9 2.5 0.5 EkIREA 25 2 0.132 0.36 539 1755
SP-FS—4 0.5 3.9 2.5 0.5 Rk 25 2.5 0.106 0.54 407 1898
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Fig.10 The effect of hydrogen peroxide on the properties of building insulation materials
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Fig.11 The effect of aluminum powder on the properties of building insulation materials
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Fig.12 The effect of sodium percarbonate on the properties of building insulation materials
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Fig.13 The effects of foam stabilizer on the thermal conductivity

of building insulation materials

SR B EAR S TR T e R R - R R
AP BRSNS ALYHE . BEE R
FFH RS, B s R B WA iy, IR B > [
%, FE R TR R 2 g Ik SR A . Bl ot 5
ARSI, B 22 AR R A A OB LA T &
A, I PR B LT IR R EOE BT AN RT RE
JEPCA B AR 3R B 3, S AL 38 4
FLBR AL /N

Ry 30 FH 2 0 BT 58 B8 S MR AN 1R 14 B . B
G R IR FH S 0, SR XK BRA ad BRR S



186 PN QR 2]

2025 4F

S R ) BT s 56 B 4 SE R T i

PO 53 B8 S AR T i 18 B DR L T R 5
R AL TRE R I . Bl RS 50 R
i, FLBR A )T EUE SR R BB W AR, F 7R AR
F AR 2 g IR B AR AR . B 35 AR I 000 P e 4k 2 g
T, 85 22 AL A SROR IR 4, i e G R R
AT, DAL T i B A BT LT

2.5
—a— WK
o —e— il
Q’!j
= I5F
P
Eﬁi
1 -
= 1.0
05
0.0 1 1 1 1
1.0 1.5 2.0 2.5
Tt I g

A 14 A&AAN Z AT RA LR R B 09 a
Fig.14 The effects of foam stabilizer on the compressive strength

of building insulation materials
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30 2 ] B A SRR IR R R T 9 P A e v L TR
TEAA 25 0T PE i A [ B 2 e ST R oK, B —
FE M) TR, A5 T

1) Al JFORHD L 0, T Si0,/AL0, FE /R L (&,) 8%,
Si0,/Na,0 BE R Fb (&) 7= AL 5 ) 2 177 XA 7 RE 52
Wi it 2 . Y e, =2.5 W), BB w, T 1R e T BUE
R BT RRAR s 24 e, =4.0 0, B w, TFE 51 &, T
1, DU R B W T B w, T T e TR
JE SeBEAR S T, 7w, R 0.7~0.8 B 35 B IR AIK, A
1 208~1 389 kg/m’. Fifi 5 w, Tt 51 e, AL, BT %
J3E 3 W WA, AF w,=0.5 I 3K 3 5 K {H 11.61 MPa. fifi
& w, T e FEAK, % B2 SRS T 78 w,=0.8
IR B 45 /IME 1 404 kg/m’.

2) B i & ) B EE X Si0,/ALO, BE R L (&) |
Si0,/Na,0 BEIR R (&) FIK IR L () 72 A= 5200, 15 1
R AEYERE . 2 0,=0.7.£,=4.0.£,=2.5.£,=0.5 I, K
x5 R &, BP0 0 RN FE 73301 11.15 MPa
F11476 kg/m®. 4w, 4 0.7~0.8 .£,=5.0.£,=1.0.£,=0.5
B, SR AR 5 R e, B0 R i B 2% 2 53 3l
11.87~12.12 MPa I 1 674~1 721 kg/m®. 4 w,=0.5.
£,=5.0.6,=2.5.£,=0.45 0 IR G /K HETE e P
SR B B KB M 12.02 MPa, %5 B f5% K8 7F w0,=0.5.
£,=5.0.£,=2.5.£,=0.50 Wt 15, }y 1 605 kg/m".

3) J 700 0 28 A R P BB R )
FLRFI N  WE UK H R TE 4~6 g WAL, T3 R 5L
9 0.104~0.131 W/(m-K) , BT J& 38 £~ 0.69~1.49
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JC/m’; FR K R AE 0.50~0.75 g AL, SR B
0.157~0.164 W/(m-K) , HT & 5% £ 4 0.98~1.12 MPa,
B E N 967~1 004 kg/m®, A K 2 635~2 734 Ji/m’;
SRR BT TE 25~35 g WAL, S AR ECH 0.106~
0.122 W/(m+-K) , FL 58 B~ 0.26~0.34 MPa, % & 4
407~509 kg/m’, AN 1 449~1 646 JT/m’.

4) S50 % [ AR B = 2 g I AR I ACR
e, Horp s R SRR B T S A R PR R
55 B A 43 514 0.109 W/(m-K) L 0.50 MPa ., 454
kg/m®. 1 243 Jo/m’; K HIBR Ry A MR IR B BT
5 B 5 R AR 43518 0.149 W/ (m-K) ,0.97 MPa,
727 kg/m® .2 641 JT/m’ ; 2K 3z Bk R B 4 v I S AR
B BT SR L B FE ASA 53 5 R 0.132 W/ (m-K) |
0.36 MPa 539 kg/m’ .1 755 JC/m’.
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