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ABSTRACT

A new type of autoclaved aerated concrete (ACC) was peepuareesd ouf
coal cangue (CG), effect of calcined coal gangue (CQGWi comtsémiucdt
of ACC wunder curing conrdayt idoinfsf rwaecrtei oann a(l XYReDe)d, wuasnidn gs cXa n nlitn gs heolwesc tt
the opti mal cal ci nat PCo ma ntde nmipheer actounrtee notf oG GGG 600 25%, the qualif

flaut ocl aved aer aot @Bl 1 O2cOrAd.tteer b Isadcakt hiec hoyudriantgi on product s in AAC
tober m&Hi ge) sCand hydrated garnet; during the autocl aviGSH gAeFts w
and hydrated garnet. Because the I imitations and synthéaniaeatiao

structure bhepbagewabtbmposed by tobermorite made the structure
skel et ons #&angdg rpergoaptieng as
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1. INTRODUCTION maintained a high Ilevel, even sur
The <coal gangue (RO toliatcoadc |6§%f$§%g[jcthesFﬁ;hheas Obnecern uesedd
year is produced from mining %3: ?%?en%loeké?hiﬂa @a.zw d&mmh
creasing-2r 8t ¢ . ofTheé. Bxi stence oc Oatved laeroadtceudpiceon

but al so brings about hi dden dr?ie?tgéaﬁ Ito V\}hhiechSLhrarSOl{ cf:lngdv %fa‘ %
environment . However, CG i s rlclh ||noncal ’rfm & rgées S‘Hg - % ra,
can be used for mine filling, cornes fz{ru-c dOa{]ermaateed'@én@tr@tpéart?é'r?&
power plant g@&hera@abeomai etphat rge oBhE S§PMielate esear
posed of minerals such as feldsp £ oandtyqpueara{er setxlhdtpt'%H@g wepg d|£
properties-O Whmebn Aiotnsd sSiacqui r e eixetser’ncaalrbeorhqrz%){ion br o rties
(through <calcination or spontaltel%g Ct?ﬁntbutsﬁ roé])i‘sanolar?siecaercq{i Sa%t
occur s, so that the originaOD ¢ fys}”g\l’b &%.ngt%_Lrea 3 g:eésarsoyseI e
bond &andbomald are broken, t hus etxecr%p;[tisngtolnset ugdeyltihneg pahcatsie\/ittryanosfit
CG. ) ;

FIl'y ash (FA) refers to the dug:trifae;dgnftsurrﬂ:qutrc;ernlgoaol?stt% ess§ Ongagﬁfg
from the fiue egaq Ciff ©dalme) b0|tlleorns. F(’él}iq iiss qne aonfalty ees t he
few countries in the world usi ng. tchée caonadl uasse-;;iattysh Mol e 5% 4% o%f (soné
the past de dsadeqgweni tihn dChsi tnray deevlegcotp’rlonnq rﬁlacpriodl o StheSEM et c Th
tot al n u mbierre d fgenoearlat i ng un'tsprhoacsescsor}to'rnl{qq(i l?]gvgéq]spnént and u
and more than half of t he coalto epsroourlcdeisn N Cne'wnapatavefobreetn c
sumed, resulting in the increasweasqf Ilé/ &ﬁﬁgh bﬁ/lgeaio I~burlng P e
Fiwear Plan period, China's com preﬁen5|ve afi |z’at|o]n'rate of |
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2. MATERIALS AND METHODS and curing time for 3 hours). Fin
. autoclave for autoclave curing (u

2.1 Materials . t he e mp %%t, u rae ft h]e%Sc.on stant t el

CG. The main components of CGhobuerst) tabn b at] tﬁg ﬁh&abtffau@tr(

shown in Table 1. The miner ad phas’e C? hown 'in~ F1g. 1 '

tnalnly composed of <cl ay mlneraI2§ e(rfglon{'ahég%l{akacter?zgtiohe' illite, and |

ite), quartz and feldspa m'n“%ﬁ RN & EE ke p G Pd it €y 1 PEUB ST

sis of CG is shown in TabIe 2. s anal miner al compo.

FA. The <c¢dalscsi umh Hlow rom t he tj‘l |n1g°°Wpeeeo°(?c?fnt4A/W?ﬁ5t;1 the stap

the specifi @5QuUm¥agre taheeae>opier|m n2t a Cu ar The the

mi ner al composition of FA is quar z, ite and emtlte. I'ts ¢

composition is |listed in Table 19000and the physical properties ar

in Table 3, meeting the s2t0aOn5d.ar d r quiremgnts in GB/TI 1596

(3) Cement: 42.5 ordinary Portl aofd wemenft (OPC), w/ﬁ?rﬁéi?ﬁeth finer

(O0mmM)8 of 2.1% Table 1 Ilists its mi c al compositlpolmte, nd Tabl

4 lists its physical properties. 7000 N Kaolinite

(4) Lime (L). The digestion ti me 5 mi hutes, the @ Mognerisorditei|lON t e

ture of 65 AC, the effective Ca0%Y ent |> 60%, and NtMgglner e j due

20Mesh sieve 12% to 15 %, meet-i ng g, requirements of *f%e JcCT 621

2009 standard. Q £ |

(5) Fuel gas desul furized gypsﬁ)moo The desul furized (gypsu

from ther mal power plaratvas the moa CaOyand SO

foll oweg IWgOS@Bd Wi th (©OMM)8 naefn S0§0 n

16%. The chemical composition anal

(6) Others. The foam stabilizer &% he A,

test The related indicators coul;ggM

2.2 Sample preparation 0

Firstly, accurately weigh and mix rlBw Mate¥iaks i abcerPain ra

add warm Watamd ast i55 for 2 minutes. Next, add2 é( )ertain

amount of aluminium powder to the slurry and stir for 1 minute.

the stirred slurry was quickly Pio®@yXRD isnpec tiroo ofm GG 100 mm T 100

moul d, and placed in a constant temperature curing box With a se

peratufCe fanfoud0 static curing. After the slurry in t
was hardened and formed, the mJ@Ib?JjevJanstrsetnﬁo'vaéd anaartd’st'ﬁeofﬁatc@eﬁg

body was subjected to statit, m%/l'aterrll%t\/?oist(ucr%rs'hngVo?rg?ﬁﬁﬁegrcarb

CG 0.52 73.72 14.66 11.10
Tabll.e Chemical CompOSition of r—a—w mate+—+—at—s (IIIQDD flﬂbt;ull, %)
Mat eri al Si,0O A0 F &5 FeO Mg O CaO N &0 K,O SQ L Ol
CG 35.7631.08 0.51 1.59 0.58 1.23 1.42 0.21 0.31 26.30
CCG

. 51.,886.92 3.44 0.38 0.83 1.68 2.13 0.35 0.68 0.81
(Calcined coal gangdgdue)

FA 72.541.68 0.85 0.08 0.74 1.58 3.41 3.69 0.56 4.00
L 6.013.32 1.28 0.04 3.69 77.66 o} 1.05 0.52 3.87
OoPC 22.195.10 3.13 0.06 1.38 63.35 o} 0.65 0.68 2.44
FGDG 3.161.39 0.38 0.10 6.98 39.01 0.11 0.12 34.37 o}

Tab3.e Physical properties of CCG and FA

Mat eri 8%Water cont®ht o%at er requUFr a2 8 d activityS@nrdex/ %

CCG 0.9 0.8 97 16. 4 69 0.9
FA 0.8 4.0 95 15.6 77 0.7

Tabd.e Physical properties of OPC

. . . El exur al stCroemmpgtelssi ve
Sta“daﬁ:d,nenesso| Setting t'me/_ml.n / MPa strength/ MPa
Mat eri alconsi st eng, I % — St abi-+i+ty
| % Inlt'lFallna_I 3 d 28 d 3 d 28 d
settisnegtting
OoPC 26. 4 2.1 2.4 90 210 qualificed 8. 6 20.7 52.9
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e and montmoril jOgaand e&tf ©9 Mme d
ausing phase transition [ 23]
S of weight |l oss were 1. 13 %,
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own in Tabl e 3
Based on the an
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g WasShdaWIPERE t@st re:
MPFEdm WI,%{‘ bhepnhe:o
@~ 10PPn AChatangds add
A0 h MHCT@nh ea NARCORWMS T t
A CRI.FYe OWbal Ne emoprepch
of OPC), while
an 42.5 MPa, 8
46.15 MPa. |
t he hPCg h essot
rcriela®s eP &5t he
83 aBMmp o e

[
c
P

calorimps8€y 20& integrated therm

perform thermogravimetric analys S

rate of 10AC/ min, the working hgem h

mosphere. "YH® SUPIPA emission sgppyk £

scope produced by Zeiss, Germamy; ways Mpsgd at
gy observation of the samples. (standard st
re
&

CCG were g
3. RESULTS AND DISCUSSION mi xed wCt EC

3.1 CG activity analysis the test CG _
The TG curve of CG in Fig. 2 sOfwswanadewiermingd |
mperature, CG showed a trendTéPl 8oAtl habgst i | _ _
ature raf@e whi c2h0 Oal5wBa0y s °C o netNidnalSedch&ldo \§ 55 er calcinati.
adsorbed and free wi¥terT hienYSEECCwgrgacingoga60yef or e 200
ve in the Fig. 2 indicat’€s &1 8igRiShoast tReaXRRp Gt pELOMPake
ch should be caused by the WemBvEi Joflchlem® caharcagiseistyiag elr
sically adsorbed water. I n thoeitteempdrldtidree arngn Kea 0dfi Nd g e~ 580 t4
ulative weight loss reached!92#8. d3dfragdi enotPrakmi Ofvdiel dppar
may be due to two reasons: (¢1) Nene adadr HAdinda ct eZo uSst el JASUX SIS Tord Sohy!
) Some siderites were decompdPsVddUgsnd i BLdi aprteBY idthi Inhenfartyisttea
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26/(°) .
Fi guEf fect of CCG content on phys
- nea 31 49§
Fi gudRD spectra of CG calcined at
0.72 284 Tabd9.e Compressive strength and bu
FC9 der different curing conditions

i2ifi )= Extended degree of slurry

o ; . . . |l Kk denGdmpressive s

K2 i#j6 )2 Ratio of water and dry materials -274 C d % u

k< £ uring condi 0 g

%0.68— s % / K g°L m / MP a

E soa before static 60X ing 1.58

5 42642

2 ¢ after static cud2 ng 2.31

® 0.64- o

g 15,8 after autocl av58ds 3.65

u— e}

o (0]

i) k]

8 0.60 Sc;j mil k) was much | argeridkganwhhah bé:
1244 an increase in the absorbed water

Thus, t-thora tweart iea | rati o must be inc

0561 . . . . 034 consistency [24].

0 10 20 30 40 Fig. 7 shows the effect of the C

Content of CGC/% chanical properties of the AAC. F

increase of the CCG, the bul k den:

Figuiffect of CCG content on weblkbpesBiopestirengeh AREreases. T«
increased from 5% to 45%, the de

from 5780kg0®H kignkdim cating that the

quartz [19]. Magnetite and henahtei tPeACwéirass mewyr emaheebf epthascresi tpy
duced, mainly due to the endothiegmi 2, detemposi enbnobfCC8Gdwast B %
calcinat idowmasofa GMG.de2 "convex huCQG (harctkigaloaasndp dret iweiemated in the

20~30A, which explains the exi Jteewreoe foifl laemosr pfhr@ust be Ig@wsc rbyed twaele
minerals. Combined with the analrydiustofwiRihg.552 alnGdG Raingd. 133 % wheA ok
for

the cause of metakaolin mat itodnc.i pated in the hydration reacti
imized. As the content of CCG dec
3.2 Effect of CCG content on the performance of the the product reduced from 5.09 MPa
AAC CCG was 5% ~25%, the compressive
The test samples were preparewasacshcdr9di ndg. 7t4q tAh &€ 1yt e Bu i8r7e nmenndt 30
A3. 5, B0O6 prod2a@®@6& s AanCdalilddwedp eArefroartreadnce requirements of A3.5
Concret.e BHeclkkassi ¢ rati o was sewhitlae, b6l8¥%® FfAQu ivde IOPCt he 0 wek | t hat
5% FGDGD. ptnds al aluminiumi powddked % aanndd B.526 CCG content respecti ve
stabilizer for the total amo untt uaofe,t hteh ea bsolvuer rdy dtrhyi cnkaetneerd arl aspi dllh
replaced by 5%~45% CCG, and t henbulhk doeuntseirt ys wrff aachee AfACt was FEB n -
trolled dbyndee watéeémow. The test ddatextdroem)s hoawnd isnmaHilg.créacks appe
To control the bulk density oft htthexAA&Gsitvlee asamopar siodn CdCeCy rvweaes ouf
slurry is required to reflect tpreeg foomainctee mcfy AAC.t hlen sd wmmar.y ,I nF
expansion degree was controll edvalsettvmkem 2401080 omm. altt tchaen olpd i g
from Fig 6 that whil e i ncr-te@a samdg mehceh aannocuant pofop@C &, eshenwdatsdru
material ratio and slurry consiasitnemcgy toof utshee afsA Gnuicrhc rCeCaCs eads apOCSasTi
The main reason is th&@C€CGtphewdeetThabBlPB Sursfthooves atrheea wwdmpressi ve st
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By comparing the two curves A al

1-Quartz 2-Albite 3-Anorthite 4-Microcline morite and anhydrite appeared in

S-Ettringite 6-Ca(OH): 7-Anhydrite 8-Calcite at 65 Uc for 3 hour s; al so, t he
9-Mullite %-Tobermorite ®-Hydrated garnet those ojfdeCafe@Hderd somewhat, and th
* 133 7 %o further reduced. This is mainly bt
Jw'uwtﬁwuﬁw& as the temperature incrmaasdgdflinthe

the CCG and FA i ngaredElo mpandnmor
acted widiio Q&@nh@H)ate corresponding
as-SB gel sA-thndr yCst al s); withditsheo-i r
lution amount, the Cal Si in -the
al kalSSHhege€Cs formed in the early s
bined wittho ir@duceSH Jgolws adkal t ol
Due to the decomposition of ettri
ated the -armlnmiswrh fsaulef oal umi®faantde h-
S@[268], and some was decomposed |
constant temperature stage of St e
i i " H i i i decompose into trical gAH)m aaldy ntanSaC
50 60 70 so there was no characteristic 1
curve B after 65UC static mainten

Fi guRD spectra of -mAiAX®ds anp ensatCth-Trllss:[ Ibc();fcgﬁglg ?Legészzwml C\”fﬁr\t/

CCG and-bbBAy Aefore-bsdidiyia:ftcejrrisr?t%uaerttloilgct ’hceurljapvg,
C-sample after autocl aved

40
20/(°)

materi al system and
claving at high temperature.
With the extension of the consta

three groups of FC5 experimentalheprRcdsf uUnderi dnf pemadst odurti by
From the data in Table 5, the pmogess tef waeuteo csltarveinngg hhednisesda p teeoast
on the compressive strength ananbdulthoden®sifty hef mahe pioceéwat; ctlm
pressive strength of the produThi swiitnhdoiuctatstsattihatcafitre® @Habdoms
MPa, and the bulk® dewhsieytwasp6od@ utkgr-dni it,th es h@ah8dOon structure w
ic curing (without autocl aved tcamperggt uvhraed, ahi gdhmmpressiuve atnde rad |
2.31 MPa and a bul® dekesprpdoéstob@izti b gpamaBAlanf fSiyOash and coal
claved curin d a compressiveosnthi engtgh wift,h30ngreeMP@a @@®@H)car bab g

g ha
sity of358thulsgbmhe AAC with t hmr «CduGe tasn-SHsFelmeaes t® ber meri t e, et c
guirements of A3.5, B0 62 qQué.l i f ipeeda kp roofd uectttsr iinng iG@Be 1di6sBappear ed, i

decomposed into hydrogarnet and F
3.3 Phase and structure analysis of the AAC products remaining minerals (such as quart
3.3.1 XRD analysis l'ite) in FGDG and mixed raw mat el

I n order
ducted on

t the reliabwhith 08 E€bhdutihee XR® tame |l iymp rso wea
t
claving. Th
n

fy

se composition|onf afd@S5 td@mp!l edbsy beeofnopraer ianngd tahfet eA,
t results are phakwe oh EabciBe ¢xi ctaed bei meletnan
curve A i i g that the mai nmaminner ala ucscenlp conye ntthse ocfa rtbhoen amii Xotnu r
in the test were quartz, mul l i eeaceabbi tarbanodtbktdeaind pPphe@gaiorc
the hardened body that had notHoWweeer stwittitc att He ecxutreendsi @m bdhet ko
showed that at nor mal temperatdairef raadt ipore spaid ks aff tedal dihtee cdaesctr
was hardened, the diffraction pehakshyodr atthieonn epwr pdiacsslds gdlcAAESN @ §
(AFt) anhapfPa@dklX, and the XRD maif fteacctriyosnt ap esa khsa voef dtihfef er ent ¢

(o] er
he ph
e es
F

main miner al components in rawi Aanedg eofr adbeadnor amengo tda&mbon
Ca(QWMas caused by the hydrati onofr-$m cgteilosn bneatiwel eyn bCePcCr uagnedt taadabt éers m al
and the digestion between L amdneatér, iwbilceyshal AFar evaso amasi enrl

formed by two aspects: first, drnystthad sprcosmpuaaoe dofwsl Gl &Ihset e meard
al umi nat e -Ady drbayt eOP(CC hydr ati on alialsi tcyo mbd nreeds i Witt tar boni zati on.

S@in gypsum combine to form the calcium sulphoaluminate hydrate
crystal, i.e., the AFt; secondB3.2 SEMiandlgsis al kaline conditions, ;

amount of wultrafine particles i fAi A 8ndhe€@& bhgal®SEMoi smhgwes cbémi
reactivity, so agBntoheeatur wytbakag®Phandptbduaetocl aved product
corresponding hydration productpg,odauwcdts asn ¢ ale-SAAPGe ovielr @0 dntad Rth y d ICy
SH gel ssA-Haody €t al s. I'n the pr-esreanwc emionfe rFadD Gc, o niphoen efnotrsmetdh a& di d n
A-H crystals quickly produces thggAEgatceyst abs bewhinadheritwi amleslo wti it
son that the diffraction peaks sdfowpuarhtazt wehree ARtducedstal shéencur
the samewas mehe 2broad "convex [Rkwlalr'sleibkdeokdign osmap aanalred Itdrege i n ni
di ffraction peak of 26A~34A inemheAtuthés thotiecationg etntse eareit woegr
amor phodsffima@aati ve) state and dawytddreaemeloym powdocystabhhdnnoyhgdbat i
stansk del s in the hardened corfcoruentde [A2c5c]o.r dTilneg AFot tchrey(sBE Bm8 ysg yafndit
CSH gels formed in the hardenedalciobnrcarteitoen baod@eyaf eAu g ch atFis ayt. t tBH8g epar] c

sources of its strength. H gel s. Fig. 9 (c) and 9 (d) show
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surface ¢
of
pore

. ////////// 5

Fi @urlSEM mi crographs of pore s
under different curing conditi
wal I-bo(dy) after sgsamplce caifrtienrg, a
(et)he structure of pore wall

zedensity aggregate [29], and
and slurry, a transition zone
appeared. Fig 10 (a) shows t|
surface of the static curing
por e waII was relatively smoof
Fi gu®EM and EDS micrographs of FCSdusra'n?;nge ft%rmastt'a_qqcc’fcup?th o
autocl eemddir gea)l o@no0 arigme i f@ar gk, 1 g R f heat'ing proce S
(de)nl ar ge fEdDiSnts p,ct(fe)ns of -EnbaS ksepde %g%llﬁt%ﬁ |I§nf)was formed on thi
of marked region B I mage the cut surface o
cIaV|ng, in which the outer su
posed of tobermorite crystals
tion products-shfaphAC twdre moralh purcirtyyst adsd anldemwel was obvious | ay
crystaSHi gedd sC and the raw mi niesr abd e ccaounspeo ntehnet st oibrermbe i F& can onl
were covered by the hydration tpuroaduand . prCosnpuare dc amdikRiigons9 a(fd)e
Fig. 9 (b)), the crystallinity 9®EMUtarealhyysdirsatd bomv ep,r oadsu cttlse waaust ogerl e
proved, and they were intertwi tnédae ihratra ea ene tbwadryk bsetgraunc ttuag et r & £ f
to the EDS data of the cali br atdiiosms odresat dBS'i@@r i gomBi fe€d , i nhea lcaem
tals were tobermorite ones. Thmaké st mai mlyyfbrbéebauvsmal t Teaati one fc
nent sanSd,dAIn FA and CCG wer e ,icormhkeisn edde swi tbhe cGaau(sCeH)t he exi stence of
the system to form correspondi sigaheg diran i omy ptraoldugn eswtwh ,t ht hteh eg eenx
sion of the constant temper at usrmo ottihmes;urdsacehef dissopaot e owalalmoaul
Si@ndOAlncreas8id, gelhe Wi th highl aaylekraldfnitt gbédromoneidt e ohe)v ewiotphmeant hi
at the initial stage.,anln ®OAIbugelperiagmbiwhed hwiitnhc r&iaGes the resis
ate -BHege«€l s with | ow ' kal inityl aads.t obleg Mpdridse waernyes twad spped by

a
Fig. 10 shows the SEM i mages sotfeed csupthester f aTchee n(,f rtohm sa sctoemepll eg
pore structure) and their schematiicedilagreany wlasthé kpaoed wallt he
for the static curing productsingndhautrotkbavedstorwedtugern &1 fsokrel &t
Compared with ordinary AAC, thdop¢rcgs in AAC were regarded as t
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