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ABSTARCT

Nowadays amount of wastepaper within the office are very much. If brought them
return to the paper production about 60 percent only and the price of these very low. Thus
this research aims to study and what the feasibility of producing the briquette paperboard
from paper pump. The research divided into 3 steps: 1) transform process the wastepaper
into the shredded wastewater 2) the paper pump from shredded wastewater with tap water
by varies soaking time (1, 3, 6, 12 and 24 h) 3) the producing the wet briquette wastepaper
under the hydraulic press by varies the molding times (1, 3 and 6 h) and also analyzed the
proximate property of wastepaper, paper pump and briquette paperboard according the
ASTM methods.

Results shown that the proximate properties of wastepaper. eg., water content is
2.7-4.9 percent, ash is 10.3- 123 percent, volatile matter is 29.3-31.6 and fixed carbon is
29.3-31.6 percent. And the proximate properties of paper pulp of water content, ash,
volatile matter and fixed carbon are 20.5-25.5 percent, 13.2-16 percent, 40.7-44.4 percent
and 18.3-23.2 percent, respectively.

The optimal properties and mechanic properties of briquette paperboard by varies
the soaking time (1, 3, 6, 12 and 24 h), found that the 3 h of soaking time is very good
condition due to the product has also the least water content and volatile matter but has
the highest of the tensile stress due to it has the most density value.

The optimal properties and mechanic properties of briquette paperboard at the
constant soaking time 3 h and varies the molding time (1 h, 3 h, 6 h) found that the optimal
conditions for producing the briquette paperboard were 3 h of soaking time in the paper
pulp process followed by a molding periods of 1 h. The resulting products (paperboard
briquettes) had the 7.42% moisture content on a wet basis, 15.7% dry matter, 443.95 ¢/L

density, and 1.93 MPa tensile stress at the point of failure.
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3.1 AUUANINNIYATNVDIAYNTTATBRALLIDNTZAY
AENTRIINIENIMTBIIREIAYNSTATBLasEaNIEAY WUAIMISeN 3.1 Fanuindian
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Wenin

15197 3.1 AuENURAN NI NLATaNTRANING YDIRIDYLAYNTLANYLAZLEDNTEANY

Proximate properties (%)

Sample —
Moisture content Ash Volatile matter Fixed carbon
Wastepaper 2749 10.3-13.0 51.3-55.0 29.3-31.6
Paper pulp 20.4-25.5 13.2-16.0 40.7-44.4 18.3-232

3.2 AUENURALUUUTEUIIUDINTEATWIEUDN
AN UALUUUIZUUDINTTATUUNLE AT UAIRN5197 3.2 Fanuandaauuananaiy §
WU TuAUsEEE A UM SLAYN SEATEINNN TR BN STUIUTUIY

A15199 3.2 AUALTRLUUUTZINUYBINTEATBLAUEN

Moisture Content Ash Volatile matter Fixed carbon

Products

Range Avg” SD™ Range Avg®  SD™ Range Avg®  sD* Range Avg"  SD™
SiMI1 9-12.6 10.33 1.97 16.6-18.1 17.59 0.84 59.5-63.4 61.98 212 9.5-11L.0 16.1¢ 0.83
SIM3 S.8-11.7 $10.42 1.G 15.2-17.2 16.15 1.03 63.4-65.9 6452 .20 7.2-10.8 8.91 1.79
S1M6 9.5-10.8 10.29 0.70 14.7-16.0 15.49 0.73 63.0-68.9 65.39 2.38 7.9-10.5 8.83 .47
S3M1 6.5-9.0 742 1.33 16.1-16.4 16.27 013 59.1-61.3  60.53 1.22 15.7-16.0 1577 017
S3M3 7.1-9.4 8.02 1.25 16.1-18.6 17.30 1.25 61-61.2 60.93 0.25 13.3-14.5 13.74 0.64
S3M6 B8.3-10.7 .42 321 15.3-16.4 16.00 0.60 60.5-65.4 62.34 2.66 9-14.8 12.23 2.97
SeM1 7.2-103 B.56 1.57 15.9-19.5 17.27 1.97 63.6-60.1 04.79 1.22 11.3-12.9 9.38 4.61
S6M3 7.2-11.7 8.77 1.77 13.5-16.6 15.13 1.54 65.3-66.3 65.87 0.50 9.5-11.0 10.23 0.74
S6Me 8.3-1G.5 9.70 0.66 §5-124 1051 1.96 38-72.5 70.13 226 8.9-10.3 .66 070
S12M1 11.7-12.4  11.97 0.37 14.6-20 17.23 2.70 60.9-64.1 62.53 1.65 5.1-12.9 8.27 4.08
S12M3 11.5-13.7 12.58 1.10 14.8-16.¢ 15.28 0.74 60.8-62.4 61.80 0.88 5-12.9 10.35 215
S12M6 10.4-11.3  11.00 09.55 14.5-16.% 15.81 1.23 63.1-66.7 64.47 1.21 5.1-12.1 8.71 3.48
S24M1 10.2-11.9 11.48 0.64 15.2-23.8 18.53 4.61 54.,1-58.6 57.02 2.53 10.4-14.3 12.97 2.27
524M3 10.8-143 12.63 1.77 13.5-16.5 14.71 1.58 6(.8-65.6 63.95 2.74 6.7-12.0 8.71 2.83
[24M6 14.4-159 15.11 0.73 10.7-11.5 .17 045 62.7-67 65.16 2.23 7.3-10.0 8.56 1.33

= Avg = Average value and “*SD = Standard deviation value, S = The soaking time, M = The molding period

The first numerical set placed after the abbreviared S insiant for the duration time of soaked shredded paper with tap
warer.

The second nwmnerical set placed after the abbreviated M instant for the molding period of casting of the paper puip
into products.
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M1319% 3.3 AUALTRNINATDINTEATYUNLDN

Bulk Density (g/L) Tensile Stress (MPa)

Products - — - —

Range Avg SpD™ Range Avg® S5D™
SIMI 435.51-437.45 436.34 1.00 0.67-1.01 1.13 0.43
SIM3 431.73-443.21 436.22 6.13 1.02-2.02 1.36 0.57
SIM6 435.87-439.39 438.11 1.95 1.10-1.96 1.50 0.43
S3MI 443.11-445.46 443.95 1.31 1.64-2.30 1.93 0.34
S3M3 440.05-443.98 442.2] 1.99 1.02-1.99 1.51 0.49
S3M6 438.47-442.25 442.52 0.91 1.07-2.01 1.40 0.53
S6M L 440-442.19 440.92 I.14 0.98-1.71 [.27 0.39
S6M3 440.05-441.74 440.99 0.86 0.95-1.56 [.24 0.31
S6M6 439.39.442 91 440.71 1.91 0.96-1.42 [.23 0.24
Si12M1 429.49-445.16 436.51 7.96 0.94-1.82 1.28 0.47
S12M3 435.-77-439.39 437,99 1.95 1.02-1.99 1.35 0.55
S12M6 441.07-443.98 442.14 0.81 1.01-1.97 §.57 0.50
S24M1 439.13-440.41 439.90 0.67 1.01-1.07 1.14 0.18
S24M3 437.3-440.87 439.03 £79 1.02-1.15 1.11 0.08
S24M6 438.47-440.87 439.57 1.21 1.07-1.52 1.23 0.25

* Avg = Average value and SD = Standard deviation vaiue, § = The soaking time, M = The molding period

The first wmnnerical ser placed after the abbreviated S instant for the duration time of soaked shredded paper with rap
waler.

The second numerical set placed after the abbreviated M instant for the molding period of casting of the paper pulp into
vroducts.

3.4 NAYDITZYLLIA IUNTUULABNTZA
HAYDITEEEIIAlUNITY AN TEAYRoAMaNUALUUU ST ALz AMaN RN 19Na Y03

nIzATwLLSR WU Tisreznaintsudiasnsyats 3 Al asfidanutuuasAveaud sssme

inevdosdign dwalvidan tensile stress 11nfign tHosandlmmnuvuiuuanndign Fanmi 3.1-

3.3 YedAAABINUNANIINAADIVRINANT Taney [15}

14



St BIMI

S6MI1 BRM)  524M1

Froducts

(a)

4300
4480
4460
o 4440
T a129
2 4400
g 4380

A 4360
4348
4320
4308 +

S1M1

Producls

a = ~ Y] o oA = | Y
AN 3.1 L‘UiEJUWlEJUQmaﬂHmmJENmzmmmuam NANANNTLYLLIANITLINTEAY 1 GU'JEN

()

Z R =
PR

Tlod sulld . &
<]
=

]
2% 2

bl
~llf
Sl B3NS SGBI1 SIPMI1 S24MM1

Prodoets

B5n)
BsiMl
assMi
SEITEYE]
nsxeMl

®

T omeilve Towee o Whox

&

R ]

SHAL  E3ML SEMI  SIMI  524M)
Piodu

DOSIH1
oS3l
[LEYSNY]
ESRM]
DOS24Mt

)

LLasLLiJssTumiszzmaﬂumﬁugﬂ%umu (1h,3h,6h,12h wag 24 h)

(a) MNUTU (b) ASUBUAIFT (C) AIUNUILUY (d) bIIR

a = a o oA d' | Y]
AINN 3.2 LTJ?EJ‘ULV]EJ‘U?’]@U@ﬂwmgﬂaﬂﬂigﬁﬂqwumu@@ NANAINTLYLLIAINTINTEANY 3 GU'ﬂlN

6o
a2 WO
3me O]
2 pa iessm
T |@s6n3
é s {gsum
R OSN3
<+ 20
LX) =X
SIM3  SIM3  SGM3  SRM3  S24A3
Produels
(a}
450.0
4180
460 ————
o 4440 ||:l5lm
I aa20 i ||::53M)
Z 100 o563
14z [-E:1 )
& 4160 DIS24M3
4340
420
4300 ~
SIM3  SIM)  SSM3  SRMI 524101
Products
{©)

5.0
B9
L Qs |
= mEIM3
X o mseM3 [
I gseM3 i
if o 153 as24M1 |
B0 [ d
o I X P
S S6MI S1IMI S24M3
Products
.Dﬂw
4 130
ERNE.1)
LR R
L 1 @SN3
3 s ] =LY
P e B4 asizM
£ 130 g
p & EJ % k\ aszdnl
i3 20 B 4] —— 1
[ i B4 [l
20 1 B4 P
i 1eo = oy Al
SIM)  SIM3  SEM3  SDM3  S2M3
: Pruduets
(d)

LLazmhﬁwhﬁzazL’Jaﬂumi?ﬁugﬂ%umu (1h,3h,6h, 12 h uaz 24 h)

(@) ALY (b) AISUBUAIA (€) AUTULLUY (d) bIRa

15




2

|
|
\
!
‘[ sIM6
F

S3M6  SEME SIME S24Mé
Troducts

O524Mé

(a)

4508
4450
4460
& 4ain
% 4422
2 4400
2 o0
& 4360
4340
4320
4300
SI6

1

SIME  SeMé  SLMG S24MS

Products

(©)

Fiaed sufid . 22

Produets

OSIME
oSIMG
E58ME
@S2ME
LS24M6

(b)

Produets

()

OsIMe
sIME

&7. S6Ms

Y

'~ BSRMe

e 052406
K

P = a Y] o oA A ' )
AN 3.3 L‘U'iEJUL‘V]auqmaﬂwmwmmzmwmuam ANPINTLHLLIAMNITUINTEANY 6 T
LLazLLUsﬁuﬁﬁwzmaﬂumﬁugﬂ%umu (1h,3h,6h,12h wag 24 h)

(a) MNUTU (b) ASUBUAIFT (C) AIUNUILUY (d) bIIR

3.5 WavessTEIan lun1sudiAYn T ELasszazan lun1sTusUNsEAUILEUSR

WietetoyaveenseAuuiuennlUsrezanlunIsudAYNTEaY 3 9lu Winlu uas
srezianlun1sTusU 1 il 3 alus uag 6 Talas udSeuiiguiu iiegravesszaziatlung

JusUTUIU

Y

(NFEAWUNUBRA) ATEA WU LiloTrerlIalun1sTUFUNTE A BIHLSATANNTY A1

AMUTUTAILINTU FIAINT 3.4 (3) n3esay 7.42 1Wusesay 9.42 upAIAISUIUAIFIANAY §d

a

Al 3.4 (b) 9nSevaz 15.77 Wudesaz 12.23 Araunuinuy datanasluidniios fanim
3.4 (c) 970 443.95 nSusiedns LU 442.52 nSunedng LavA1veaLT9RIvDILIIRe HANanae A
AT 3.4 (d) 910 1.93 MPa 1Ju 1.40 Mpa wan31 %umuﬁﬁmm%uﬁaaﬁqm SPAGRGRIGER
yanaunfige ssstuiunuildsrornatlunsudissnszauiion 1 92l uarlszernailunis

JUIUTUNY 1 Talug

Y

16



or X
)
5 160
< 1 ]
E ]
§ 40 osamy 2 0OsiMt
0 [sM3 Ine BSIMI
7 190 S; E
i J.ni B9 I OSIME
E 20 " [X]
Ln{ N
0.0+ (LR o
SIMI SIMG sIMI 53M3 SIM6
Producls Producls
(a) (b)
$460 29¢
3440 1 t:g
2 5
3 420 <
¥ 4400 CsIM1 .o§owe oSl
T a3s0 QsiM3 L é 150 E5IM3
2 50 ns3M6 Y w0 — [-EE
f Py R
4340 E o1z N
4320 F e R
4200 —d ., 100 4 s
Sk $3M3 5346 SIM 5301
Eraducts Products
(c} (@)

AWl 3.4 LWSBULTBUANEN AL YRINTTATBIHLSR (S3M1, S3M3 UaE S3M6)

(a) MNUTU (b) A1SUBUALHD () ANNWILUY (d) WIIF

17



UNN 4

unagy

4.1  @5Unani1sIveY

Na9INMFITENUINANATEANTLILET 2 i ansothunldveunuianneainaniglu
0113 Insedigauandininafingay fadufussaznailunisuriaunssaviasssaznatly
MstusUTuIL wandiiuiuumdunsitenasnszawanlda iWerelhAnyaruindy §

rudululdlunsadreselaliiuguwy wazanamnssy

4.2 daweuauuz

1. estinsfinsutagudelddug Alauaudivieuavnszany deidule uay
annsothantududeld duvhmavasestuztludnunsresnszauisiusn

2. AnwianautAdug uasnansznuiiensanindudeauamoundouyudidefing

Jro1uanuldldau

18



UIFTUIUNTIY

o

yalisauddoiiionisnaiug (2543). “anvezinwdiasuliiniorynszaivludiinauiu

lassmsienulyl”. lassnsnszawiveauld-yaliSeuddaionisimun. (eauladl) laain
http://www.thaienvironment.net 1laiuil 21 uns1AN 2544,
UsanT 403y uazidy dingsana. (2538). “annanvaziazauaudinenamansveady

Toss5umRTUUSLNANMAINAILT 7. 25ANTIAINTIUAS UMINSALLNEASANENS. UUN 9 1au

i 25. Wi 123-127.

Y a

Joun eudu wazaAue. (2530). “Aszanwdling”. 215815 InenAanshazimalulad. U 2.

v A

atuf 2. Wi 17-25.

Us¥niueda ugiadu (Usdlng) $in. (2543). Thunazasu. T4 24. aduit 284. wih
36.

Jon Vogler. (1974). Work from waste. Intermediate Technology Publication Ltd. Great
Britain. Pp. 3-36.

rhemslduselevianvends nesdnn1sansdunsguasnINuedds NIUAIUANNANY. (2536).
“Uszlovtiuarinwaeanszans”. lona1sweuns 1303 Usloviuazlnwyesyaneas. nih 25-
46.

e siduseleviannvedids nosnnsansdunsekaznINUads nsuAIUALLARY. (2536).

“QRAMNITUNTEATYLATNAANMINTEATL . LBNATTUNELNT 1583 N15ANYIF15990150Y

Usyleytivaadsuaznisanu3unuresdgannlsenugnaingsy TuYnn JUNNIMIUASLAY

USuana. nin 62-64.

ASTM. (1998). Annual Books of ASTM standards. Standard Test Method for Moisture
Content of Paper and Paperboard by Oven-Drying D644-94. ASTM International. West
Conshohocknen. PA. USA. p. 32-33.

ASTM. (1998). Annual Books of ASTM standards. Standard Test Method for Ash in Paper
and Paperboard. D586-96. ASTM International. West Conshohocknen. PA. USA. p. 11-
13.

19



10. ASTM. (1998). Annual Books of ASTM standards. Standard Test Method for Thickness of
Paper and Paperboard. D645/D645M-96. ASTM International. West Conshohocknen. PA.
USA. p. 34-36.

11. ASTM. (1998). Annual Books of ASTM standards. Standard Test Method for Tensile
Stress Properties of Paper and Paperboard Using Constant-Rate- Elongation Apparatus
D828-93. ASTM International. West Conshohocknen. PA. USA. p. 102-108.

12. Juaws lana. (2545). msfinwaaasifinisgaduidowesiutuiesdndannnszamliuga,

AFNNTTULNUGIN @M NTIULYsT AREAFINIIUAERS. LI VEE SWALLAELNLAS.

20






Ay Yo aa ¢
'UVIﬂ'J']ﬁJVIlﬂ‘J‘Uﬂ‘WﬁJW

Sanan T. and Sompop S.(2012). Technique for production of Paperbord Briquette from
Wastepaper. Suranaree Journal of Science and Technology. Vol.19. no. 2. P. 79-92.

TECHNIQUE FOR PRODCUTION OF PAPERBOARD
BRIQUETTE FROM WASTEPAPER

Sanan Tangsathit' and Sompop Sanongraj*
Received: Apr 9, 2002; Revised: May 16, 2002; Accepted: Jun 1, 2012

Abstract

The goal of this research was to study techniques for producing paperboard briquette from Ad-
wastepaper using no binder with 50-kN of mechanical compression. The steps of this process were
classified inte 3 stages: (1) a shredding process using Ad-wastepaper a5 raw material, (2) a paper
pulp produced from shredded wastepaper by mixing the shredded wastepaper with tap water, and
(3) a molding process for producing the wet paperboard briquette from the paper pulp. The
proximate composition and selected physical properties of the wastepaper, paper pulp, and
paperboard briguette products were measured aceording to ASTM Standard Methods, These
properties included density and tensile stress of the paperboard briguette products according to
ASTM Standard Methods. Various soaking times (1, 3, 6, 12, and 24 h) and molding periods (1, 3,
and & h) were studied to find the optimal conditions for production of the paperboard briguetie, The
study investigated paperboard brigueite production from A4 paper with 2.2 MPa hydraulie
compression using no binder in the raw material, It was found that the optimal conditions for
producing the paperboard briguette were 3 h of soaking time in the paper pulp process followed hy
a molding period of I h. The resulting products had 7.42% (wifwt} moisture content on a wet basis,
15.77% (wi/wi) dry matter, 443,95 g/L density, and 1.93 MPa tensile stress at the point of failure,

Keywords: Wastepaper, paperboard briquetie, paper pulp, hydraulic compression

Introduction

Currently, pulp and paper production is one of  greenhouse gas effects since the cutting of
the world's highest demands in the industrial rain forests and original growth forests is
sectors. Advances in pulp and paper technology — rarely practiced today.

have mitigated many environmental problems. Raw materials for the pulp production
The use of alternate raw materials reduces  are obtained from wood fibrous raw materials
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a0 Paperboard Briquette from Wastepaper

and non-wood fibrous raw materials. Some of
these are shown in Figure 1. For example, raw
materials for pulp production in Thailand
were bagasse, kenaf, bamboo, rice straw,
Burma grass, eucalyptus and waste paper or
waste paper pulp (Abad et al., 2000).

Recently, environmental problems have
necessitated cleaner technology in paper
making. New non-fibrons wood and residual
materials have been substituted for traditional
fibrous wood raw materials. Less polluting
cooking and pulp bleaching processes have
been developed {Akkarakultron, 1996).
Procedures employing cleaner technology
have been applied to achieve increased
‘production with minimal effects on the
environment, They more efficiently wtilize
and recycle expensive and scarce chemicals
and raw materials. This technology is often
referred to as low and non-waste technology
(Miiller, 2000).

Waste management principals can be
referred to as the 3R's: reduction, reuse, and
reeyeling, Responsible disposal of wastepaper
employs the 3 R's. Paper usage may be
reduced through maximization. In this
practice, paper is more efficiently used before
being recyeled. Additionally, waste paper can
be transformed into valve-added products.
These could include fiber-cement composites
(Thaemngoen ef al., 2003), granular and sheet
activated carbon (Littrell e# al., 2002; Uradei
et al., 2000; Khezami et al., 2007, Masahiro
et al., 2004; Malikav et al., 2007; Yorgun
et al., 2009), and activated carbon monoliths

Raw Material

(Kercher and Magle, 2003; Nakagawa ef al.,
2007). However, some important techniques
and details concerning the production of these
products are proprietary in nature and therefore
not available in the scientific literature.,

A case study of the recycling of solid
waste in the Soranaree University of Technology,
Makhon Rachasima, Thailand found that the
average amount of solid waste each day was
21333 km (Srisawang, 2002). Moreover, &
related study found that the quantity of
discarded office wastepaper was approximately
60% of all waste each day (Umnoi, 1997),

The molding process of paperboard
from pulp is divided into 2 types : the cold
process and the hot process. These processes
may involve heat usage or may be done
without application of heat (Usaborisut and
Mahayosanun, 2005). Furthermore, a general
cold process can be classified into 2 types.
These include the hydraulic pressing
and screw pressing systems as shown in
Figure 2 {Loloon ef al.,, 2008; Usaborisut and
Mahayosanun, 2005},

The main ohjective of the present work
was 1o study the technigues for production of
paperboard briquette from Ad-wastepaper. It
was our goal to do 50 using no binder in a
cold process. A 50 kM hydraulic system
capable of producing a pressure of 2.2 MPa
was used to clucidate the best conditions for
production of the briguette products.
Experimental conditions varied, including
the soaking time and molding periods.
Experimental results are reflected in the

Wood Fibrous
1. Soft wand
2. Hard wood

Non-Wood Fibrous
1. Bast fiber plants

2. Residue agriculture wastes
3. Grasses

Figure 1. Raw materials for production of paper pulp in Thailand (Akkharakultron, 1996)
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proximate properties of the paperboard  properties were measured according o ASTM
briquette products and the tensile stress of the  standards methods as shown in Table 1
dried paperboard briguetle producls, These  (ASTM, 1997, 1998, 2010).

Figure 2. Gepernl instriaments for easting spectmens by cold processes (a) Hydranlic compression system,
(1) Serew system {Usibarisut awd Mahayosanun, 20053 Lotoon of af., 2008)

Table 1. ASTM standards methods

Tiems Wistepaper Paper pulp  Briguedle products Standard methods
Tensile Siress - - + ASTM DE2B-53
(ARTM, 1905}
Moisture Content v Y + ASTM Dedd .04
{ASTM, L9}
Ash o A ¥ ASTM DSEE-SE
[ASTM, 1998)
Mslatile Matter A W A ASTM D3ET5-8
[A)-B7 (ASTM, 1095)
Fixed Curbaon ¥ ¥ W ASTM D3172-89
[ASTM, 1597)
Length, wicdih ¥ ¥ +
Thickness + WV Vv ASTM De43M-96
{ABTM, [9U8)
Bulk Deasity - - W ASTH C550.90

[ASTHM, 2011

o = Cleck e properties of sample.
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82 Paperboard Briquette from Wastepaper

Materials and Methods

Materials

Wastepaper as a raw material in this
study was obtained from numersons collection
points within the Institute of Engineering,
Svranaree University of Technology, Nakhon
Rachasima, Thailand.

Figore 3. A sample of Ad-wastepaper after passing
throngh an electric shredder

Table 2. Specifications of the electric shredder used in this study

Material Preparation

Material preparations in the study are
divided into 2 stages, They were shredding of
the Ad-wastepaper and paper pulp preparation
from the shredded paper.

Shredding Preparation

In the first step, Ad-wastepaper was
shredded (4 mm width x 10 cm length) using
an electric shredder. A sample of this shredded
wastepaper is shown in Figure 3. The
specifications of the electric shredder are
shown in Table 2. Samples of the shredded
wastepaper were used to determine the
proximate properties of the raw material used
in this study. The moisture content, ash
content, volatile matter, and fixed carbon were
determined according to ASTM standards
methads (Table 1), The results are shown in
Table 3.

Paper Pulp Preparation

Approximately 140 g of Ad-wastepaper
was weighed and put in a plastie tank

ltems

Dietalls

Trade Name
Model
Cutting Style
Cutting Size
Throat

Feed Capacity
Safety Feature
Dimension (W x D x H)
Weight

Paper Shredder

Olympia PS-15

High Security Cross Cut

4 mm Width % 100 em Length

140 mm

B Sheets (Ad)

Automatic Reverse in case of over load
160 > 250 x 300 mm

2.5 kg Approx

Table 3. Propertics of wastepaper and paper pulp

Proximate properties (%)

Sample
Moisture content Ash Vaolatile matter Fixed carbon
Wastepaper 2749 10.3-13.0 51.3-55.0 28.3-31.6
Paper pulp 20.4-25.5 132-16.0 40.7-44.4 183232
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(diameter [6 cm = depth 16 cm). Then 2 L
of tap water were added to the shredded
wastepaper. Treatments included the following
soaking times: 1, 3, 6, 12, and 24 h. After
soaking, the resulting mixtures were poured
into the vessel of an electric blender, The
blender was operated at high speed for 3-5
min. This was done 1-2 times until sample
textures were homogeneous as shown in
Figure 4. The homogeneous paper pulp
samples were poured back into their original

Fignre 4. An example of homogenous paper pulp
sample to be nsed as raw material for
production of paperbeard briquette
products

raw material tanks. Samples of the homogenate
having masses of approximately 5 g were
removed to determine their proximate properties.
The methods used for the proximate analyses
are shown in Table 1. The results of the
proximate analyses are shown in Table 3.

Paperhuﬁrd Briguette Production
Process.

Homogenous paper pulp was poured
from the plastic tank into specimen setting

Figure 5. A specimen setting mold in this study for
production of paper-hoard briquette
products

Table d.  Specifications of hydraulic press used in this study
Items Details
Trade Name Press (Minchen Machinery CO., Ltd., Thailand)
Model HP 60
Owver Height 1930 mm
Working Width BOO mm
Frame Width 1080 mm
Crverall Width 1295 mm
Working Width of Side 305 mm
Frame Wide of Side 360 mm
Over Wide of Side 915 mm
Frame Hole 40 mim
Distance batween Frame Hole 133 mm
Piston Rod Diamater 89 nam
FRam Swoke 185 mm
Waorking Height Ram to Table 830 mm
Net Weight 645 kg
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molds having dimensions of 15 em (width} x
15 em (length) = 5 mm (depth) as shown in
Figure 3, The slurry was cast into the shape of
a wetted paperboard briguette having
dimensions of 15 cm (width} » 15 cm (length)
% 5 mm (depth), A hydravlic press capable of
50-kN pressure (Model: HP 60, Minchen
Machinery Co. Ltd., Thailand) was used to
apply 2.2 MPa pressure to the samples. The
proximate analyses of the resulting briquettes
are shown in Figure 6. The specifications of
the hydeaulic press are given in Table 4,

The samples were allowed to cure at the
ambient temperature following the molding
periads of 1, 3, and 6 h. At the conclusion of
the curing periods, samples were removed
from their molds, The textures of the resulting
samples were examined for uniformity and
cracking. Uniform samples were selected and
weighed with a 4 digit-balance (Model XT
6200, Precisa Gravimetrics, Dietikon,

Finally, samples of selected products
were dried in a hot air oven at 105-110°C
overnight according to ASTM standards
methods (Table 1). Upon removal from the

Figore 6. The 50-kN hydraolic press (Model: HP
60, Minchen Machinery C0., Litd.,

Switzerland). Thailand)
Table 5. Proximate properties of briguette products
Minigture Conlend Ash Velatile matter Fived carbon
Products —_— —_— [
Range  Avg' S0 Ramge Ayt 8DT Ramge  Avg’ SDT Rampe  Avgt ST

SiMi %126 033 1.97 I6G-1EE 1759 DB4  SRSG34 6058 202 95100 10 083
SiM3 98107 04z L0 152172 BAIS 101 634650 6452 LMD 708 CR:TI ]
SIME 95008 1029 @30 147160 1549 07} 6306ED 6333 23R 7.0.105 BEZ 147
S3MI 6.5-8.0 TAL 133 I61-164 1627 013 0613 6053 1322 15.7-160 1577 017
S3m3 7.1-9.4 B2 125 I61-186 1730 1.25 G1-61.2 G053 025 133045 1374 064
SaME B3-107  94r 120 153064 1600 OG0 ED5-GE4  6RM 166 S-14.8 1223 287
K6 72003 BA6  BST 159125 1727 157 636661 479 122 (13129 G938 dil
S6M3 7217 277 (W 135166 1513 1,54 653-66.3 657 0.s0 05110 23 074
SEME 93105 AT 065 85124 1050 196 725 003 236 BS103 o66 0T
S12M1 11.7-124 1197 037 14,620 1723 200 60954 6253 .65 51-129 B27  ADE
SITM3 11.5-13.7 1258 110 14.8-16.1 1528 074 f0RS24 BLED  OEE 5.12.9 1035 205
S12M6 0115 100 055 145-16.9 1581 1.23 63.1.667 6447 1.91 51521 AT 3AE
S2aMI 102-108 1148 0.0 152-23.8 1853 441 id,|-568.6°57.02° 2.53 F0-143 lz97 2.9
S24M3 B4 2R m 1a5-16.5 1470 158 - GOBSE6 6305 274 67-120 871 2E3
524M6 MA-155 1511 073 I7-11.5 117 D45 62767 6516 213 13- 100 256 133

* Avg = Average valie and “SD = Standared deviation wilie, 5 = The sooking fine, M = The molding period
The firss numerieal vet placed after the abbreviated § instant for the duration sme of soaked shredded paper with tap

WareT.

The second mmmerical set placed after the abbreviaied M insant for the molding period of casting of the paper pulp

il prodicis.
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oven, the samples were placed in a desiceator
and allowed to cool 1o room temperature for
about 3 h. The masses of the dried products
were measured. One sample from each
treatment was selected for measurement of
the proximate properties. The methods to
determine the proximate properties, including
tensile stress, according (o ASTM standards
methods are shown in Table 1. Figure 7 shows
a sample of the dried paperboard briguette
product.

Determination of Properties of Wastepaper,
Paper Pulp, and Paperboard Briguettes.

Shredded Ad-wastepaper was used as
raw material for making paper pulp, The
resulting samples were used to measure the
proximate properties (moisture content, ash,
volatile solid, and fixed solid) according to
ASTM standards methods, as shown in Table 1.
Additionally proximate analyses of the paper
pulp used for producing the hriquettes were

conducted. Proximate analyses were also done
for the briguettes produced in this study.
These results are shown in Table 5. The
densities and tensile stresses of the briquettes,
determinéd according to ASTM standards
methods, are presented in Table 6.

Figure 7. A digital image of dried paper-board
brigquette product sample

Table . Bulk Density and Tensile stress of briquette products

Bulk Density (gL} Tensile Stress (MPa)

Products

Range Avg’ S Range Avg’ s
S1MI 435.51-437.43 436.34 1.00 0.67=1.01 1.13 0.43
SIM3 431,73-443.21 43622 6.13 1.02-2.02 1.36 0.57
SIM6 435.87-430.30 438.11 .95 L 10-1.96 1.50 043
S3MI 443, 11-445.46 44395 1.31 1.64-2.30 1.93 0.34
SIM3 440.05-443.98 442.21 1.9 1.02-1.99 1.51 049
S3M6 438,47-442.25 442.52 0.9 1O7-2.00 L.40 0,53
S6MIL 440-442, 1% 440 .92 114 0.98-1.71 .27 0,39
S6M3 440.05-441.74 44099 0.86 0.95-1.56 [.24 0.31
SGMG 439.3%.442.51 440.71 1.91 0.96-1.42 1.23 0.24
S12Ml 429.49-445.16 436.51 T.96 0.94-1.82 P28 0.47
51263 435.-77-439.39 437.99 1.95 1.02-1.99 1.35 0.55
S12M6 441.07-443.98 44214 0.1 1.01-1.97 1.57 0.50
5241 439.13-440.41 439.90 067 LO1-1.07 114 0.1%
S24M3 437.3-440.87 430,03 179 k02-115 1.11 008
S24M6 438 A7-440.87 430.57 1.21 1.07-1.52 1.23 0.25

' Avg = Average vulve and 5D = Siandord deviation value, § = The soaking tioe, M = The molding period
The first mwnerical ser placed after the abbreviaed § fnstane for the durarion sne of souked shredded papor with g

wfer,

The second numerical s& placed affer the abbreviared M ingtan for the molding period of casting of the paper pulp into

prrodiiets,
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Moisture Content

The masses of the test pieces (m,) were
determined and then dried in a hot air oven
at 103+2°C over night according to ASTM
standards methods (Table 1). The test picces
were cooled to room temperature, and then
the mass of each dried test piece {m,) was
determined. The moisture content of the test
pieces was calculated using Equation 1.

Moisture content: % = {MI 100 (1)
iy

where, m, = mass (g} of the test piece
after being heated

mass (g} of the original
lest pigce

m, =

Ash

Crucibles with their covers were placed
in a muffle furnace and heated to 525+25°C
for 30-60 min according to ASTM standards
methods {Table 1). After heating, they were
allowed (o cool slightly and then placed in a
desiccator. All crucibles were cooled to room
temperature in the desiccator. The mass of
each crucible was determined (B). The
weighed crucibles were filled with a paper
pulp sample of about 1 g Then the mass of
each crucible plus the original specimen
sample (C) was measured, The weighed
crucibles were placed with their covers in the
muffle furnace at 525£25°C for 30-60 min.
After heating, the crucibles were removed
from the muffle furnace and allowed te cool
slightly and then placed in a desiccator.
After all the crucibles were cooled to room
lemperature, the mass of each crucible plus
the specimen sample (D) was determined. The
ash content of each specimen was calculated

according to Equation 2:
_ | BB
Ash (%) = B ] 100 2)
where, B = mass (g) of each ignited
crucible
C = mass (g) of each ignited

crucible plus the original
specimen sample

29

D = mass (g) of each ignited
crucible plus the ashes of
the specimen sample

Volatile Matier

The crocibles with their covers were
placed in a muffle furpace and heated to
950£25°C for 7 min +10 sec according to
ASTM standards methods (Table 1). After
heating, the crucibles were allowed 1o cool
slightly. Following this, they were placed in a
desiceator, All crucibles were cooled to room
temperature, and then the mass of each
crucible was determined (B). The crucibles
were filled with 1 g of sample and then
weighed 1o airive at a mass for each crucible
plus the original sample (C). The crucibles
with their covers were heated at 950+25°C
for 7 min 10 sec, After heating, the crucibles
were allowed 1o cool slightly and then placed
in a desiccator where they cooled to room
temperature. The mass of each crucible plus
the de-volatized matter of the sample (D) was
measured. The volatile matter of each sample
was calculated according to the following
Equation 3.

Volatile maner(%):[ g’g ]*IOU 3

where, B = mass (g} of each ignited
crucible
C = mass (g) of each ignited
crucible plus the original
specimen sample
D = mass (g) of each ignited
crucible plus the de-
volatilized specimen sample
Fixed Carben

The fixed carbon of the specimen
sample was calculated by difference according
10 ASTM standards methods (Table 1) as
follows in Equation 4:

Fixed Carbon (%) = 100 - Ash

Volatile Matter (4)

where, Ash = ash content (%) in
each specimen sample
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Volatile matter = volatile matier (%) in
each specimen sample

Bulk Density

The lengths, widths, and thicknesses of
each test piece were measured at 3 points
according to ASTM standards methods
(Table 1) as shown in Figure 8. The mean
values of the length, width, and also thickness
of each test piece was determined. The mass
of each dried test piece was determined. The
bulk density of the test pieces was caleulated
according o ASTM standards methods (Table
1) as the following Equation 5:

Bulk density (g/eubic mm) = [lt_ln:,m_tjl (5

where, m, = mazs (g) of the specimen
sample afler being heated
| = mean value of length (mm)
of the specimen sample afler
being heated
w = mean value of width (mm)
of the specimen sample after
being heated
t  =mean value of thickness
{mm) of the specimen

-
i

£

N P S e

I-&—-_lt—

Jezs=e— 10— 38 ——fezr |
) (b)

Figure 8. Points al which lengths, widths and
thicknesses {mm) of tesi pieces were
measured (a} Planview (b) Side view
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fomtt e gt

sample after being heated

Tensile Stress

Test pleces wers cut into 9 sections as
shown in Figures 8 and 9. The lengths and
widths of sections #1, #3, #3, #7, and #9 were
measured, Selected samples were place into
position to test the tensile stress according to
ASTM standards methods (Table 1) with an
Instron Universal Testing Machine as shown
in Figure [0. The instrument was set to
determine the tensile stress at a sample's
failure, When the test piece was broken, the
maximum tensile stress used was recorded.
The tensile stress of cach section was caleulated
according to Bguation 6, The average values
of the tensile stresses were also determined
and are shown in Table 6.

Tensile Stress (MPa) :[ ::" ] (6)

where, Pmax = maximum tensile force
(N}

b = width (mm) of test

section of the test pieces.

1 = thickness (mm) of test

section of the test pieces

#1 #2 #3

#7 #3 #9

g
&
%
f— e —

o0 o) e — 30—

Figare 9. Selected sections for deter-mination of
lesting tensile stress of specimen sample.
Dimensions are in mm
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Results and Discussion

Characterisation of Wastepaper and Paper
Pulp

Waslepaper in this study had proximate
properties in the ranges of 2.7-4.9%, 10.3-
13.0%, 51.3-55.0%, and 29.3-31.6% for
moisture content, ash content, volatile matter,
and fixed carbon, respectively. Paper pulp
produced in this study had proximate properties
ranging from 20.4-25.5%, 13.2-16.0%, 40.7-
44.4%, and 18.3-23.2% for moisture content,
ash content, volatile matter, and fixed carbon,
respectively. These results are shown in Table 3.

The resulis showed that the moisture
contents of the paper pulp produced for all
molding times increased due to water absorption
into the shredded material, However, both the
volatile matter and fixed carbon of those
materials decreased, as shown in Table 3.

Characterisation of Paperboard Briguette
Products at Constant Molding Periods
(1, 3, and 6 h) and Varyied Seaking Times
{1,3,6, 12, and 24 h)

The proximate properties of the paperboard
briquette products are shown in Table 5. The

s

densities and tensile stresses of these products
are shewn in Table 6.

All samples of the paperboard briguette
had moisture contents much less than those of
the paper pulps (20.4-25.5%) from which they
were produced. This is a result of the pressure
loading of the samples with a 30-kN hydraulic
press. Thus, water was pressed from the paper
pulp samples.

The molding times of 1, 3, and 6 h were
each examined for each of the 1, 3, 6, 12, and
24 h soaking times. For all molding times, it
was found that the briquette products exhibited
the highest densities, tens ile stresses at failore,
fixed solids content, and lowest moisture
contents with the soaking time of 3 h. These
results are shown graphically in Figures 11-13
and in tabular form in Tables 5 and 6. Also
these results are consistent with those reported
earlier (Sophon, 2003).

Effecis of Both the Seaking Times and
Molding Periods on the Properties of
Paperboeard Briguette Products

Figure 14 compares the properties of
§3M1, S3M3, and SIMG products. It was

! " Posilion of test pieces as

installed for testing lensile
sIress Measurements

Figure 10, An Instron Universal Testing Machine for determination of (ensile stress of test pieces
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found that the moisture content of the products
was gradually increased from 7.42% to 9.42%
with increasing the molding time. This is
shown in Figure 14(a). The fixed carbon
levels of the products decreased from 15.77%
1012.23% as the molding Gmes were increased
from 1 to 6 h. This is shown in Figure 14(b).
The density of the products decreased slightly
from 443.95 g/L. to 442 52 g/L. with increasing
the molding time, as shown in Figure 14(c).
Lastly, the tensile stresses of the products
decreased from 1.93 MPa to 1.40 MPa, as
shown in Figure 14(d). The product $3M1 had
the lowest moisture content (7.42%), as
shown in Figure 14(a). However, it had the
highest fixed carbon (15.77%]), the highest
density (443.95 g/L}, and the highest tensile
stress at failure (1.93 MPa) of the samples
with 3 h soaking times. S0 we can conclude
that products made from paper pulp with 3 h
of soaking time followed by [ h of molding
time had the best properties for the production
of paperboard briquettes. In other words, they
exhibited the lowest moisture contents, and

iw
H
HT
i
ian
i >
2

SUEE EIMA SEME SHMS BNME
] Poacic

(a)

BIME  EIME BEME SEME SHME
Frodmn

[C]

the highest values for fixed carbon, density,
and tensile stress,

Conclusions

The findings of the study provide substantial
support for the production of paperboard
briquette products from Ad-wastepaper using
na binder and using a hydraulic compression
machine with a pressure of 2.2 MPa.

Results indicated that the $3M1 products,
i.e. those made with 3 h of soaking time and
I h of molding time exhibited the most
favorable properties, They showed the lowest
maoisture content (7.42%), and the highest
values for fixed carbon (15.77%), density
{443.95 g/L), and tensile stress (1.93 MPa).
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