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Lampiran A. Perhitungan

Pernbuatan larutan HCl 1 M dengan kadar HCI 37%
Diketahui : p HCI = 1190 g/mL
Mr =36,46 g/mol

Molaritas HCI=% (b/b ) x p
Mr

=37 % x 1190 g/mL
36,46 g/mol

=12,08 M
Vix M'I =V,x My
Vix12,08M=1000mLx 1 M
V1 =828 mL
Untuk membuat larutan HCl 1 M dilakukan dengan pengenceran 82,8 mlL

HCI 37% dalam labu takar 1000 mL hingga tanda batas.




Lampiran B. Gambar Reaktor Pirolisis

Keterangan gambar :

1.

2.

3.

4.

Gas Nitrogen
Reaktor Pirolisis
Termoregulator

Kondensor

32
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Lampiran C. Kromatogram hasil pirolisis lignin pada sﬁhu 200°C

***CLASS-500" Report No. = 1 Data : HBB200.D01

Sample : Pirolisis Lignin 200 Habibi
ID : L7024

Operator ; dom

Method File Name : HABIBL.MET

T

&

-
o
o
)
[=)
—a_|
~n
ju—
—
==
o
—
o

T
2

e Peak Report*™*

PKNO R.Time L. Time F.Time Area Height A/H { sec) MK  %Total Name
1 1,426 1,392 1.475 32085833 16827835 1.907 25.23

2 1.494 1.475 1.725 43915067 17458302 2,515 v 34.53

3 1.811 1.733 1.950 17280702 10401871 1.661 13.59

4 2112 2.075 2.15¢8 1305042 692720 1.684 ‘ 1.03

5 2.194 2,158 2.283 1863535 726947 2.564 v 1.47

6 6.504 6.433 6.783 30723401 5515236  5.571 24.16

Total 127173579 100




34

Lampiran D. Spektra Massa Produk Pirolisis Lignin pada Suhu 200°C
bab Kimia Orgunik FMIPA UGM

<Unknown Spactrum>

Data : HBB200.DO1

Nass Peak # : 19 Ret. Time : 1.500 )
Scan # HY * B.G, Scan # 1 57

Base Peak . : 43 205 4999681) ‘ :

60 . 80 . 100 BRI o as0 T T T  ha

i-Pr ND 2
2 . J
.
T
e o

41,

> i-Pr N0 2
3 -

wl—
o
L S—

“HK2

fo]
\z
=

JHZE_"H,__“..MHh. . . - ..m_u.”.ﬂ“nmm“_m“;___*w_;

. ’ Pr Me
5 29 .
i 58
i : T
el e ) L, . . . . L T St e . -
40 60 a0 100 120 140 160 180 200
Ho SI Mol.ugt, Mol.Form./Compound Name CAS No. Entry Lig#
1 89 &9 (;3H7N02 79-46-9 858 2
Propane, 2-nitro- $$ Dimethylnitromethane $$ Isonitropropane $$ 2- Nitropropane $$ j-C
2 as & C3 Hy N 0 79-46-9 3403 3
Propane, 2 ~nitro- (CAS) 2- Nitropropane $¢ Isonitrepropane $$ Dimethylnitromethane SS
3 88 89 C3 H7 N 0y 79-46-9 3402 3
Proparme, 2-nitro- (CAS) 2- -Nitropropane $% Isonitropropane $3 Dlnethylnltromethane $5
4 ar 4 CaHgh20 1068-57-1 307
. Acetic acid, hydrazide $$ Acethydrazide $% Acetohydrande S$ Acetyl hydraz1de 3% Acet
5 84 N8 Ty Hyg 136-97-8

Butane (CAS) n-Butane $% LPG $$ R 600 $% Diethyl $% Freon 600 3% Laquefled petroleum

Library Name
(1) NISTI2.LIB (2) WIST62.LIE (3) WILEY229.L1B
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Lalv Kimiw Oeyan & FHLPA 2GM
<Unknown Spectrum>
Data : HEB200.001
Mass Peuk # : 8 Ret. Time : 1.817 i
Scan ¥ ;99 B.G. Scan # : 90
Base Peak 1 43.05 (  4062171)
| & ' r
! [
| -
“ " 60
i , i '
| o . | e
_ 40 60 80 100 120 140 160 180 200
L <Hit List
: 43
EMIVR
i 'v.{.
TR 60 ‘
i OH
Lo 42
-J*_.H.__.‘:j.. -
: 60 HO 2 CMe
2 .
" 1
9
I : 0.‘:‘
| ; 60 ' ﬂ
I \ 3
s l : oH j
| 29 s
- l i :
| . 0 ! :
| i [ | :
1 : - 60 : '
| ! ’ f
;_4 i oH,
42 |
; ._A_-_..__‘:,:j_:_- - e ime e s o ey s i‘
E L eo HO 2 CMe .
-5 . - ;
; | 42 .
L—l-._.__‘ LIPS . P B e Ty
40 &0 80 100 129 140 160 180 .. 200
No SI Mol.Wgt, Mal. Form. fCompound Name CAS Ho. Entry Lig#
11 99 60 CoH,07 64-19-7 116 2
Acetic acid $$ £thanoic acid 43 Ethylic acid %% Glacial acatic acid % Hethanecarboxy -
2 97 60 Cy Hy 0 64+19-7 565 3
: Acetic acid (CAS) Ethylic acid $5 Vinegar acid % Ethanolc acid £% Glacial acetic aci
3 97 60 CaH402 Gh-19-7 118 1
Acetic acid \
P4 7 60 Cang0n b4+19.7 17 1
: Acetic acid .
5 97 60 Cp H, Op 66-19-7 . 566 3
Lo Acetic acid (CAS) Ethylic scid $s Vineger acid 3$ Ethenolc acid $$ Glacial acetic acj
Library Name

| (1 NISTI2WLIB (2) NIST6Z.L18 (3) WILEY229.L1B




. WUnknonn Spectrums

'Deta ¢ HBB20D,00%
i Hass Peak # : 31

Fob Kimlo Qrgonik EMIPA YoM

Ret, Time : 6,508
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Scan # - ; 462 B.G. Scan # : 803
| Bose Poak 1 94,10 (¢ 1125%59)
1 A
. '| 39 66 .
1 H
63
- o 79 -
60 80 100 120 140 160 180 200
94 -
) wt e f‘ OH
66 S
\;ﬂ-
v
) ‘ 74
C % -
el e O
5 o N
T 39 66 t
2 0 K}
! 55
SR 79
. §4 9
l\l .
. : 39 6 0 "NHZ
; _ {

3 3 L]
- i . Y
ol 7% 137 .

.V‘I . — e ;£ - .-O.--"

HOS ' 0

e 66 PG

.4:. \{",J.«

s on

A T T 74

7‘ bl G e

) ! /.‘-:\‘-.

- 39 . 66 )

5 - I\\ .

R 74 53 _ -
T 60 80 100 120 140 160 180 200

No. SI Mol.Wgt. Mol.Form./Compound Name CHS No, Entry Lig#

1 0 9 94 C5 Hg © 108-95-2 3910 3

Phenol (CAS) lzal $$ ENT 1B14 $5 PhOH 5% Barzenol $§ Oxybenzene $$ Monophenol $% Phen

2 92 P4 Cg Hg © 108-95-2 3915 I

Pherol (CAS) Izal $5 ENT 1814 $$ PhOH $3 Renrenol $$ Oxybenzer.e $$ Monophenel $$ Phen
3 91l 137 CoaNoy 622-40-8 6730 2
Curbamic acid, pheriyl ester $$ Phenyl carbamatre

4 0 174 cadg04s 98-67-9 16038 | 2
: Benzenesulfonic acid, 4-hydruxy- $% Benzeresulicnic acid, p-hydroxy= $$ p-Hydroxybenz

5 90 9% Cgigd 108-95-2 85 9 '

Phenol
Library Name
(1) NIST12,L18 (23 NIST62.LIB (3) WILEY229.L1B
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Lampiran E. Pola Fragmentasi Produk Pirolisis Lignin Pada Subu 200°C

1. Spektrogram puncak kedua (waktu retensi 1.500 menit, 34,53 %) menunjukkan

puncak ion molekuler pada m/e :-58 yang merupakan berat molekul dari butana.

-CHs N
|‘13C"'_CH2"’_CH2"—CH3 e e e H3C——C-——'—~CH3
H
Butana, m/e: 58 mie: 43

2. Spektrogram puncak ketiga (waktu retensi 1.817 menit, 13,59 %) menunjukkan

puncak ion molekuler pada m/z : 60 yang mcrupakan berat molekul dari asam

asetat.
//0 -OH .
HaC -~ c\ ———— HiC CniiQ
OH
Asam asetat m/e : 60 m/e : 43

3. Spektrogram puncak keenam (waktu retensi 6.508 menit, 24,16 %) menunjukkan

puncak ion molekuler pada m/z : 94 yang merupakan berat molekul dari phenol,
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Lampiran F. Kromatogram hasil pirelisis Katalitik lignin pada suhu 200°C

*“**CLASS-500"* Report No.= 1 Data : HBB20OK.D02

Sample ° : Pirolisis Lignin 200 Habibi
1D : L7024 -
Operator ; dom
Method File Name : HABIBLMET
T
3
13
:

6 ‘
ML i

2 4 6 T3 10 12 1% 16 18
»** Peak Report™™*
PKNO R.Time I.Time F.Time  Area Height A/H ( sec) MK %Total Name

1,424 1.367 1.442 34574084 18167522 1.903 13.59

2 1.486 1.442 1.683 91769785 43045884 2.088 v 36.08
3 1.603 1.583 1.633 34617525 26216478 1.302 v 13.61
4 1.879 1.633 1.717 24288137 18083018 1.343 v 9.55
5 1.733 1.717 1.825 3089396 1291918  2.391 v 1.21
6 2.160 2.083 2.233 11553337 6532272  1.769 4.54
7 3.580 3.542 3.825 32400345 12299550 2.634 12,74
8 6.521 6.475 6.775 22054352 3505185 6,292 8.67

Total ' 254346969 : 100




Lampiran G

i* <Unknown Spectrum>

| Data : KBB200K.DOZ -

 Mass Peak # : 11

Lab Kimia Oroanik FMIPA LIGM

Ret. Time : 1.500
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. Spektra massa produk pirelisis katalitik lignin péda suhu 200°C

Scan # - : é1 B.G. Scan # : 57
. Base Peak : 43.05 (  9000727)
a3
i
|
H 58
. 40 40 80 100 120 140 160 180 200
C<HitLise>
IR B
AT Pr
T bo . Me
58
A :
|
P '
§ _,_ j Pr Me
2
‘; 58
-—"“'“'“'43
3.2
58
e 2 55"
|
. 'Ig‘g Pr Me
58
T — - -
; .
|
29 fr Me
' ETs)
i 58
o e a0 100 P 140 w0 10 200
;No Y Mol.Hgc. Mol.Form,/Compound Name CAS No. Entry
1 90 58 ¢4 Hyg 106-97-8 480
Butane (CAS) n-Butane $% LPG $$ R 600 $3 Dlethyl $% Freon 600 $$ Liquefied petroleun
Butane (CAS) n-Butane $% LPG $3$ R 400 $3% Dlethyl $$ Freon 600 $$ Liquefied petroleum
3 a9 56 Ciitqp 106-97-8 101 1
Butane
4 89 58 ¢4 Hig 106-97-8 478
Butane (CAS) n-Butene $5 LPG $$ R 600 $% Dietnyl %8 Freon 600 $$ Liquefied petroleum
5 89 56 ¢4 Mg 106-37-8 476 3

Butane (CAS) n-Butene 3% LPG 3% R 600 $5 Diethyl $$ Freon 600 $% Liquefied petroleun

Library Name

(1) NIST12.LIB (2) NIST62.LIB (3) WILEY229.LIB
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Lab Kimia Organik FMIPA UGM

<Unknown Spectrums-

Data : HBB20OK.DCZ

Mass Peak # : 7 Ret. Time : 1.600
Scan # : 73 B.G. Scan ¥ : 70
Base Peak : 43,10 ¢ 11701034)

[ 4

|
| 72
f 57
L
'F_"""‘“’"".—"'“‘—" . - . . . - TP e ] -
: 40 60 80 100 120 140 160 180 200
<Hit List> ' :
; i e — . _
|
|
i Et CO Me
1 |
29 !
72
57
TR
| , ‘ _ Et CO Me
2 :
29 72
i 57
o
43
Et CD He
3.
@ 72
: . 57
i TR
o Et CO He
&
i 29 72
{:3__.__ ——— , e B
) - ‘ Et CO Me
5 '
e
: . 57 7
i e PO . . . . PR Ce . e DR T T IR PP
49 60 a0. . 100 120 140 160 180 "200
J‘Io ST Mol.Wgt. Mol.Form./Compound Mame CAS Mo, Entry LIB#
i 98 72 Cy4 Hg O 78-93-3 1154 3
) 2-Butanone (CAS) Methyl ethyl ketone %3 MEK %% MEX al 3% Butanone $% Butan-2-one $$ E
2 97 & ¢4 Hg o 78-93-3 1250 3
: 2-BUTANONE 3%
3 97 72 C; Hg 0 78-93-3 1158 3
2-Butanone (CAS) Methyl ethyl ketone $5 MEK $3 MEK al $$ Butanone $$ Butan-2-one $% E
4 97 72 C4 Hg O 78-93-3 1156 3 )
: 2-Butanone (CAS) Methyl ethyl ketone $5 MEK $$ MEK al $$ Butanone $$ Buten-2-one $% E
5 oF 72 ¢4 Hg O 78-93-3 1150 3

2-Butanone (CAS) Methyl ethyl ketone 5% MEK $$ HEK al $3 Butanone % Butan-2-one $$ E

© Library Name
;(1) NIST12.LIB (2) HISTS2.LIB (3) WILEY229,.LIB




- Data
" Mass Peak # : i1
- ‘Sean # : 83

Base Peak

_”.Lab Kimia Oréénik FMIPA UGM

<Unknown Spectrums

: HBB200DK.DO2

Ret, Time : 1,663
B.G. Scan # ; 79
s 42,10 £ __6119994)

B g
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i
! f
! ;
! |
! i
71 _f
. 57 ;
e, o e . PRI T N
L 60 80 100 120 140 160 F 1%0 200
<Hit List>
L 412 — e
| ™
I /
I oo
S ks 72
o
L»__A*..;.Z_-.. S ——
: (//0\\\
72 o/
N
./
T 72 h_./ .
o S
.‘ : 1
' 4 7 _‘_/
. 43 2
L
’d__“ _ S,
- ; A )
. | ' i
5 : ’
Hs" 72 . - !
| L i
[ s Hpbiae V. . P .. Cr e, ...I_........_'_H.._._,_,._,_.-T,.m..:.-.r
_ 40 50 80 100 120 140 ¢ 160 180 200
No | SI Mol.uUgt. Hol. Form. /Compound Name CAS No. Entry LIG# R
1. 97 72 r4Hgo ' 109-99-9 a2 1
Furan, tetrahydro-
2 97 2 C4Hg0 109-99-0 273 1
Furan, tetrahydro-
3 96 72 ¢ Hg © 109-99-9 1237 3
Furan, tetrahydro- (CAS) Tetrahydrofuran $$ THF $3 Oxolane $% Furanidine $3 Oxacyclop
4 95 72 ¢, Hg O . 109-99-9 1238 3 .
Furan, tetrahydro- (CA3) Tetrahydrofuran $3 THF $% Oxolane $3 Furanidine 3% Gxacyclop
5 95 72 tiHgo 109-99-9 270 1

Furan, tetrahydro-

Library Name
(1) NIST12.LIB {2) NIST62.LIB (3) WILEY229.L1B




42

Lab Kimia Organik FMIPA UGM

'<Unknown Spectrum>
Data : HBB200K.DO2
Mass Peak # : 27 Ret. Time : 3.583%

Scan # v 3N B.G. Scan # : 256
Base Peak  : 42,10 ¢  2750365) e,
42 55 ' "~ A
i
‘ 69 98 R
Ll &3 ‘
_ 40 &0 80 100 120 " 140 160 1o 200
o <HivList» ‘
! i ——— 55 - e e e
: 42 o
| | /_:.\
1 i
;. ‘ &9 98
Lo 8 99
4 42 33
' .0
2 i 69 78 i
LT w255
: ; 42 0
. i !
e 3 |
SN 69 | 7 .
D T “3 9
. | 42 35
! ':' I a0
4
i ! &9 98
O ’ 83 99
b by .
\ i 0
55
o 98 .
g ‘ &9 . ¢
! ! 3
L G . 99
, ' 40 60 80 100 120 140 160 © 180 200
. No . SI Mol.wWgt. Mol.Form. /Compound Yame CAS No. Entry LIB# o
-1 4 98 Lghqg0 ) T 108-94-1 962 1
‘ fyclohexanone .
4 93 98 g Kip © 108-94-1 4634 3 :
Cyclohexanone (CAS) Anon $% Anone 3 Nadone 85 Hexanon $3 Sextone $% liytrol 0 $% Pime
3 93 98 Cgiq0 108-94-1 961 1
R Cyclohexancne
S ) 98 Cg Hyg O ' . 108-94-1 4635 3
: Cyclohexanone (CAS) Anen $% Anone $3% Nacdome $% Hexanon $% Sextone $% Hytrol 0 $3 Pime
5. 91 98 Cgl100 1120-72-5 1297 2

Cyclopentanone, 2-methy!- $3 -alpha.-Methylcyclopentanone 3% 2-Methyleyclopentanone $

* Library Name .
(1) NISTI2.LIB (2) NISTé2.LIB (3) WILEY229.LIB




<Unknown Spectrune
Data : HBB2OUX.DOP
Mass Peak # :
Scan #

Base Peak
oY

4

<Hit List>

Si
94

92
92
90
20

39

40

9

39

o

37
664

e e e

50

Mol . Wat,

94
137
9%
9%
174

Library Name .
{1) NISTI2.LIB (2) NIST&2.LIB (3) WILEY2Z9,LIB
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Lab Kimia Organik FMIPA UGM

Ret, Time : 6.525
B.G. Scan # : 602

1 94.10 ¢ 732628)

94
66 i
55
79
ST . C S e b e ey mreaptae oo
60 80 100 120 140 160 180 20
94 T
T .Of
&6 ; :
55
: 74
o4 g
66 i
" 0 NH2
A
T4 137
94
66
55
79
Q4 OH
66 Ty
o)
SN
74 93 _
94 o
HOS~0
66 N
| s
{2
R QH
74
60 80 100 120 140 160 180 200
Mol . Form. /Compound Name CAS Ko, " Entry LIn# y
Cs Hg © 108-95-2 3910 3
Phenol (CAS) [zal $$ ENT 1814 $3 PhOH $% Benzenol 3% Oxybenzene 3% Monophenol $% Phen
CyHyNOp 622-46-8 6730 2
Carbamic acid, phenyl ester $$ Pheryl carbamate
Cg Hg © 108-95-2 3915 3
Phenol (CAS) [zal $$ ENT 1814 $$ PhOH %% Benzenol %% Oxvbenzene $3 Monophenol $% Phen
C5HgO 108-95-2 235 1
Phenol
CsHg0LS 98-67-9 16038 2

Benzenesul fonic acid, 4-hydroxy- $% Benzenesulfonic acid, p-hydroxy- $% p-Hydroxybenz
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Lampiran H. Pola Fragmentasi Produk Pirolisis Katalitik .Lignin
Pada Suhu 200°C

1. Spektrogram puncak kedua (waktu retensi 1.500 menit, 36,08 %) menunjukkah

puncak ion molekuler pada m/e : 58 yang merupakan berat molekut dari butana.

-CHg N
HaC——CHy——CH,— CHj — HaC——C———CHj
H .

Butana, m/e: 58 m/e : 43
2 Spektrogram puncak ketiga (wakiu retensi 1,600 menit, 13,61 %) menunjukkan

puncak ion molekuler pada m/z : 72 yang merupakan berat molekul dari

2-butanon.
0 0 | o)
! | “CHs l | + ~CH; : ‘ +
CHy—~C—=CH,—CH3 — ™  CH;——C——CH, | » CHy—C

2-butanon m/e : 72 m/e : 57 m/e : 43

3. Spektrogram puncak keempat (waktu retensi 1.683 menit, 9,55 %) menunjukkan
puncak ion molekuler pada m/z : 72 yang merupakan berat molekul dari

tetrahidrofuran.

O

-CHO .
\ / — = CHy ~—C~—CHs
A : . H

tetrahidrofuran m/e : 72 m/e 1 43
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4. Spektrogram puncak keenam (waktu retensi 3.583 menit, 12,74 %) menunjukkan

[}

puncak ion molekuler pada m/z : 98 yang merupakan berat molekul dari

sikloheksanon.

0

-CH, ~-CH; -CH
. CsH;0 C4Hs0O 2 | CsHs0O

mfe : 83 m/e : 69 m/e : 55
~ sikloheksanon m/e : 98

3. Spektrogram puncak ketujul: (waktu retensi 6.525 menit, 8,67 %) menunjukkan

puncak ion molekuler pada m/z : 94 yang merupakan berat molekul dari phenol.

)T T Ty

m/e : 66






