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Abstract
Carbonization of oil palm empty fruit bunch (OPEFB) biomass for the production of high mineral content biochar under an uncontrolled carbonization temperature and controlled air flow rate was studied using a pilot-scale brick carbonization reactor. The maximum temperature during the carbonization process was found to be in the range of 543 to 564 oC at exhaust gas flow rate of 36 m3/hr. All minerals (i.e  P, K ,Mg, Ca, Na, Mn, Fe, Cr, AI) showed an increased from the feedstock concentration up to 300 %. The concentration of heavy metal extracted from OPEFB biochar was lower than listed ceiling permitted levels. This proposed system without electrical control and heating source is preferable to the industry due to its simplicity, ease of operation and low energy requirement making it suitable for OPEFB biochar production for mulching purposes with more than double the mineral content compared to raw OPEFB biomass.
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Abstrak
Karbonisasi kelapa sawit tandan kosong biomas untuk pengeluaran kandungan mineral yang tinggi biochar di bawah suhu karbonisasi yang tidak terkawal dan dikawal kadar aliran keluar asap telah dikaji menggunakan skala-pilot reaktor bata karbonisasi. Suhu maksimum semasa proses karbonisasi  yang  didapati  dalam  julat 543-564oC pada  kadar  aliran  asap  pada 36 m3/jam. Semua mineral (iaitu P, K, Mg, Ca, Na, Mn, Fe, Cr, AI) menunjukkan peningkatan dari kepekatan bahan mentah sehingga 300%. Kepekatan logam berat yang diekstrak daripada biochar adalah lebih rendah daripada paras siling dibenarkan disenaraikan. Sistem yang dicadangkan tanpa kawalan elektrik dan sumber pemanasan adalah lebih baik untuk industri karena kesederhanaan, kemudahan operasi dan keperluan tenaga yang rendah menjadikan ia sesuai untuk pengeluaran biochar kelapa sawit untuk tujuan mulsa dengan lebih daripada dua kali ganda kandungan mineral berbanding kelapa biomas mentah.

Kata kunci : biochar, unsur mineral, karbonisasi; kelapa sawit buah tandan kosong; biomas kelapa sawit

Introduction
Biochar is a carbon-rich substance produced when biomass is heated at a certain temperature without any oxygen in a closed system [1]. The utilization of biochar give better improvement for soil fertility and reduce the use of chemical fertilizers as compared to raw biomass for the same purpose [2]. In addition, biochar from biomass can be used to prevent erosion and maintain soil moisture while reducing pollution to the environment [3]. Being one of the largest producer and exporter of palm oil, Malaysia palm oil industry is currently expanding rapidly and yields large amount of poorly utilized waste biomass [4]. Malaysia has 362 palm oil mills, processing 71.3 million tons of fresh fruit bunch per year and producing an estimated 19 million tons of crop residues annually in the form of OPEFB, fibre and shell [5]. About 69,000 dry tons of OPEFB can be produced per year at a typical palm oil mill [6]. Currently, only mesocarp fibers and palm kernel shell are used as fuel to generate steam and electricity for palm oil mills requirement [7], while raw OPEFB is partly sold for mulching purpose [6].

Utilization of biomass-derived combustion fly ash comprises both char and inorganic ash component generated by biomass-based power plant for soil amendment are of recent interest [8]. The ash obtained from combustion with high inorganic content is useful for increasing the pH and providing nutrient [9]. Moreover, gaseous emission generated from power plant or incinerator has created pollution to the environment. In this study, we propose an uncontrolled carbonization to produce biochar with high mineral content and low heavy metal using biomass feedstock. Under uncontrolled carbonization, a sustained combustion process without an electrical control source is more preferable to the industry due to its simplicity, ease of operation and low energy requirement. 

Materials and Methods
Pressed-shredded OPEFB biomass particle size range 100-150 mm was obtained from Seri Ulu Langat Palm Oil Mill, Dengkil, Selangor, Malaysia. The carbonization was carried out in the 1m x 1m clay brick reactor with 30 kg capacity using portable propane burner where initial burning on top of the reactor for about 5-10 minutes before being completely closed with no oxygen entrance. The temperatures inside the reactor were monitored using three k-type thermocouples positioned at different heights from top to bottom of the reactor. The exhaust gas flow rate discharged from the reactor was set at 36 m3/hr to ensure the circulation of hot air distributed uniformly from top to the bottom before being discharged through 3 meter chimney. The experiments were repeated at least two times to ensure reproducibility. 

The main elements obtained from raw OPEFB biomass and OPEFB biochar samples was analyzed using inductive coupled plasma-optical effluent spectrophotometer (ICP-AES, model: Perkin Elmer 2100). About 1-2 gram of the samples was first placed in the furnace at temperature gradually to 300 oC until smoke ceased and was raised up to 500 oC and continued at this temperature until a white or greyish-white ash was obtained. The sample was then digested using concentrated hydrochloric acid (37% v/v) and nitric acid (20% v/v) [10]. 

Results and Discussion
Raw OPEFB elemental characteristic
Table 1 shows the main elementals obtained from the raw OPEFB biomass.  All elemental found in this study is according to Wan Razali et al. [11] where the source of raw OPEFB biomass collected was from the same place (Seri Ulu Langat Palm Oil Mill, Dengkil, Selangor, Malaysia). High concentrations of potassium (K) and phosphorus (P) is due to usage of fertilizers which contain potassium nitrate (KNO3) and phosphoric acid (H3PO4) [12].

Effect of the OPEFB biomass on the carbonization temperature profile under uncontrolled temperatures 
Figure 1 shows the average temperature profiles measured during carbonization of OPEFB biomass under uncontrolled carbonization temperatures. The experiment was repeated at least twice to ensure reproducibility of the process. The temperature in the reactor gradually increased moments after the fire was introduced from the top shown in Figure 1. The carbonization start time measured when the temperature reached 300 oC, The maximum temperature for experiment 1 and 2 were found to be 564 and 543 oC respectively and were found maintained above 300 oC at average retention time 630 min for long period of carbonization process  which was suitable for targeting char production [13]. Generally the temperatures increased as combustion moved from top towards the bottom of the reactor.






 Table 1. Elemental analysis of EFB samples carried out by ICP-OESConcentration ppm (%)

	Elements
	                                               
This study 
	Wan Razali et al [11]

	Phosphorus, P
	470 ±180 (0.05%)
	0.1%

	Calcium, Ca
	1330 ±410 (0.13%)
	0.2%

	Sulphur, S
	1730±210 (0.17%)
	0.1%

	Iron, Fe
	561.57 ±131.64 (0.06%)
	0.1%

	Potassium, K
	12200 ±2600 (1.22%)
	1.4%

	Magnesium, Mg
	870 ±270 (0.09%)
	0.1%

	Sodium, Na
	71.97 ±8.23 
	-

	Chromium, Cr
	2.03 ±0.12
	39.1 ppm

	Manganese, Mn
	21.47 ±4.18
	26.4 ppm

	Boron, B
	11.9 ±1.42
	1.8 ppm

	Cadmium, Cd
	0.2 ±0.14
	ND

	Copper, Cu
	17.3 ±5.09
	19.6 ppm

	Nickel, Ni
	1.8
	ND

	Lead, Pb
	1.13 ±0.21
	0.2 ppm

	Zinc, Zn
	16 ±5.9
	22.4 ppm

	Silicon, Si
	304.1 ±90.25
	-


ND=Not detected



Figure 1. Temperature profiles of during carbonization of OPEFB biomass under uncontrolled carbonization temperatures and controlled air flow rates.
Elemental content of OPEFB biochar at different particle size under uncontrolled carbonization temperature and controlled air flow rates
Carbonization concentrated minerals of OPEFB biochar is shown in Figure 2. Being rich in minerals, OPEFB biochar may be better suited as alternative chemical fertilizer or at least reduced the usage of them. For example, P-content in OPEFB biochar increased tremendously from the raw OPEFB biomass concentration by 310 %. K-content also has high effect on the soil fertility increased by 286 %. Other mineral (i.e  Mg, Ca, Na, Mn, Fe, Cr, AI) also showed increased from the feedstock concentration by 142-376 %. Although all minerals reported in this study were lower than fly ash but P and K content which were 1.46 and 34.85 g/kg respectively was comparable to Pan and Eberhardt  (2011) which found in the range 2.44 and 20.33 g/kg respectively.
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Figure 2. Comparison of mineral concentration between raw OPEFB and OPEFB biochar


Table 2. Heavy metal concentration of OPEFB biochar 
	Heavy metal
	Concentration (ppm)

	
	This study
	Pan and Eberhardt [8]

	Cu
	28.53
	(±4.27)
	37.25(3.64)

	Zn
	55.93
	(±8.80)
	345.45(5.05)

	Cd
	0.40
	(±0.20)
	4.39(0.09)

	Pb
	23.7
	(±2.97)
	11.83(0.17)

	Ni
	2.53
	(±1.17)
	47.29(3.27)

	Mo
	8.27
	(±3.63)
	-

	As
	71.4
	(±23.19)
	10.06(10.90)


The concentration of heavy metal (Table 2) extracted from OPEFB biochar were lower than standards for the use or disposal of sewage sludge listed ceiling concentration under 40 C.F.R §503 [14].  Lower concentration of Cd due to lost in gas oil phase at carbonization up to 400 oC  which was within temperature of this study however in contrast, Cd, Zn, and Cu did not exhibit losses to the same phase [15]. As compared to ash fly heavy metal reported by Pan and Eberhardt (2011), the concentration of heavy metal in this study were much lower, thus effect on the plant growth can be minimized. 

Conclusion
The application of uncontrolled carbonization in a pilot scale for the production of high mineral content biochar from OPEFB biomass successfully increased from the feedstock concentration by 300 % and phosphorus and potassium were comparable with other studies. Meanwhile heavy metals were found lower than listed ceiling concentration. This proposed system without electrical control and heating source is preferable to the industry due to its simplicity, ease of operation and low energy requirement.

Acknowledgement
The authors would like to thank Kyushu Institute of Technology (Kyutech), Japan, Universiti Putra Malaysia (UPM), Malaysia, Universiti Teknologi MARA (UiTM), Malaysia and Universiti Teknologi MARA (UiTM) Sarawak for their financial and technical support towards this research.
[bookmark: _GoBack]
References
1. Gaunt, J. L. and Lehmann, J. (2008). Energy balance and emissions associated with biochar sequestration and pyrolysis bioenergy production. Environ Sci Technol 42: 4152–4158.
2. Abu Bakar, R., Darus, S. Z. and Kulaseharan, S. (2010). Jamaluddin N. Effects of ten year application of empty fruit bunches in an oil palm plantation on soil chemical properties. Nutr Cycl Agroecosystems 89:341–349.
3. Lim, K. C. and Zaharah, A. R. (2000). Decomposition and n & k release by oil palm empty fruit bunches applied under mature palms. J Oil Palm Res 12:55–62.
4. Malaysian palm oil council (MPOC). Oil palm plantation (2014). Oil palm plantation .http://www.mpoc.org.my/Overview.aspx. [aceessed 20.4.2014]
5. Sumathi, S., Chai, S. P. and Mohamed, A. R. (2008). Utilization of oil palm as a source of renewable energy in Malaysia. Renew Sustain Energy Rev 12: 2404–2421.
6. Yoshizaki, T., Shirai, Y., Hassan, M. A., Baharuddin, A. S., Raja Abdullah, N. M. and Sulaiman, A. (2013). Improved economic viability of integrated biogas energy and compost production for sustainable palm oil mill management. J Clean Prod 44:1–7.
7. Yusoff, S. (2006). Renewable energy from palm oil – innovation on effective utilization of waste. J Clean Prod, 14:87–93.
8. Pan, H. and Eberhardt, T.L. (2011). Characterization of the fly ash from the gasification of wood and assessment for its application as a soil amendment. Bioresources 6:3987–4004.
9. Odlare, M. and Pell, M. (2009). Effect of wood fly ash and compost on nitrification and denitrification in agricultural soil. Appl Energy 86:74–80.
10. Idris, J., Musa, M., Yin, C. Y. and Hamid, K. H. K. (2010). Recovery of nickel from spent catalyst from palm oil hydrogenation process using acidic solutions. J Ind Eng Chem 16:251–255.
11. Razali, W. A. W., Baharuddin, A. S., Talib, A. T., Sulaiman, A., Naim, M. N. and Hassan, M.A. (2012). Degradation of oil palm empty fruit bunches (OPEFB) fibre during composting process using in-vessel composter. BioResources 7:4786–805.
12. Razuan, R., Chen, Q., Finney, K. N., Russell, N. V., Sharifi, V. N. and Swithenbank, J. (2011). Combustion of oil palm stone in a pilot-scale fluidised bed reactor. Fuel Process Technol 92:2219–2225.
13. Spokas, K. A., Cantrell, K. B., Novak, J. M., Archer, D. W., Ippolito, J. A. and Collins, H. P. (2012). Biochar: a synthesis of its agronomic impact beyond carbon sequestration. J Environ Qual 41:973–89.
14. EPA. (2005). Title 40-Protection of environment. Standards for the use or disposal of sewage sludge. Code of federal regulations. Washington, D.C.
15. Lievens, C., Yperman, J., Vangronsveld, J. and Carleer, R. (2008). Study of the potential valorisation of heavy metal contaminated biomass via phytoremediation by fast pyrolysis: Part I. Influence of temperature, biomass species and solid heat carrier on the behaviour of heavy metals. Fuel, 87:1894–905. 

Average temperature (Run 1)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	400	401	402	403	404	405	406	407	408	409	410	411	412	413	414	415	416	417	418	419	420	421	422	423	424	425	426	427	428	429	430	431	432	433	434	435	436	437	438	439	440	441	442	443	444	445	446	447	448	449	450	451	452	453	454	455	456	457	458	459	460	461	462	463	464	465	466	467	468	469	470	471	472	473	474	475	476	477	478	479	480	481	482	483	484	485	486	487	488	489	490	491	492	493	494	495	496	497	498	499	500	501	502	503	504	505	506	507	508	509	510	511	512	513	514	515	516	517	518	519	520	521	522	523	524	525	526	527	528	529	530	531	532	533	534	535	536	537	538	539	540	541	542	543	544	545	546	547	548	549	550	551	552	553	554	555	556	557	558	559	560	561	562	563	564	565	566	567	568	569	570	571	572	573	574	575	576	577	578	579	580	581	582	583	584	585	586	587	588	589	590	591	592	593	594	595	596	597	598	599	600	601	602	603	604	605	606	607	608	609	610	611	612	613	614	615	616	617	618	619	620	621	622	623	624	625	626	627	628	629	630	631	632	633	634	635	636	637	638	639	640	641	642	643	644	645	646	647	648	649	650	651	652	653	654	655	656	657	658	659	660	661	662	663	664	665	666	667	668	669	670	671	672	673	674	675	676	677	678	679	680	681	682	683	684	685	686	687	688	689	690	691	692	693	694	695	696	697	698	699	700	701	702	703	704	705	706	707	708	709	710	711	712	713	714	715	716	717	718	719	720	721	722	723	724	725	726	727	728	729	730	731	732	733	734	735	736	737	738	739	740	741	742	743	744	745	746	747	748	749	750	751	752	753	754	755	756	757	758	759	760	761	762	763	764	765	766	767	768	769	770	771	772	773	774	775	776	777	778	779	780	781	782	783	784	785	786	787	788	789	790	791	792	793	794	795	796	797	798	799	800	801	802	803	804	805	806	807	808	809	810	811	812	813	814	815	816	817	818	819	820	821	822	823	824	825	826	827	828	829	830	831	832	833	834	835	836	837	838	839	24.1	24	23.8	23.8	23.8	23.8	23.8	24.1	24.2	24.5	25.2	25.9	26.5	27.5	28.9	30.8	33.299999999999997	36.299999999999997	40	43.3	47	50.4	53.1	55.5	57.5	59.2	60.5	61.5	62.2	62.8	63.4	63.7	63.9	63.9	63.9	63.9	63.9	63.9	63.9	64.2	63.9	64.2	64.2	64.2	64.5	64.5	64.599999999999994	64.8	64.900000000000006	65.2	65.5	65.599999999999994	65.900000000000006	65.900000000000006	65.900000000000006	66.2	66.2	66.2	66.2	66.2	66.2	66.2	66.2	66.5	66.5	66.2	66.2	66.2	66.2	66.2	66.2	66	66.2	66.2	66.2	66.2	66.2	66.5	66.900000000000006	66.900000000000006	67.2	67.2	67.2	67.5	67.599999999999994	67.7	67.900000000000006	67.599999999999994	67.599999999999994	67.900000000000006	67.900000000000006	68.099999999999994	68.3	68.5	68.599999999999994	68.599999999999994	68.900000000000006	69.2	69.599999999999994	69.900000000000006	70.3	70.900000000000006	71.2	71.900000000000006	72.900000000000006	73.7	74.599999999999994	75.599999999999994	76.7	77.599999999999994	78.7	79.7	81	82.4	83.7	85.3	86.7	88.5	90.4	92.8	95.2	98.2	101.2	104.8	108.6	113.6	119	125.4	133.5	142.9	154.30000000000001	166.8	180.6	195.3	211.2	228.7	247.3	265.7	283.89999999999998	302	319	334.6	349.4	363.9	378	391.1	402.9	413.4	423.2	432	439.4	444.9	446.3	445.6	444.3	443.7	443.3	442.6	441.2	439.8	437.9	436.5	438.6	445.3	457.4	469.5	478	483.9	488.3	492.7	497.7	502.7	507.1	511.2	513.9	514.20000000000005	513.20000000000005	511.9	510.9	511.5	512.20000000000005	513.6	515.20000000000005	515.9	513.20000000000005	512.79999999999995	514.9	518.5	522.6	526.29999999999995	529.4	531.20000000000005	531	528.70000000000005	525.6	523	522	523.1	526	531.4	535.4	536.9	537.9	538.9	539.9	542.79999999999995	546.5	549.5	551.1	551.4	548.20000000000005	543.79999999999995	539.79999999999995	538.4	540.4	544.79999999999995	548.1	550.9	552.20000000000005	551.79999999999995	551.6	552.6	554.79999999999995	558.70000000000005	561.4	563.1	564	558.6	552.6	548	544	541.1	539.1	537.4	536.4	534.70000000000005	531.70000000000005	529.29999999999995	527	525.6	524.70000000000005	523	520.29999999999995	516.9	511.3	506.4	502.3	500.4	500.1	499.8	499.7	498.9	497.7	494.7	491.7	489	487	486.3	486	486.2	485.6	483.9	480.4	476.9	473.8	472.9	472.9	472.3	471.5	469.6	467	464.1	461.1	459.3	458.7	458.4	458.1	458	456.9	455.6	454.1	453.7	454	454.7	455.2	455.2	455.2	454.4	453	451.7	450.3	449.5	449	448.3	447.6	446.3	445.3	444.2	443.3	442.3	442.2	442.5	441.7	436.2	428.1	419.4	411	403.4	396.8	391.8	388.2	385.7	383.5	382	380.4	379.3	378	376.7	375.7	375	374.7	374.3	373.6	373.6	373.6	373	372.3	371.3	370.3	369.6	368.9	368.6	368.3	367.9	367.3	365.9	364.2	362.8	361.8	360.5	359.3	359.1	358.9	358.9	358.5	358.1	357.9	357.9	358.2	358.8	358.9	358.9	359.1	358.9	359.1	358.9	358.9	359.4	359.8	360.2	360.2	360.2	360	359.5	359.2	359.4	360.2	360.8	361.5	361.9	361.5	361.2	360.8	360.8	360.8	360.8	360.9	360.8	360.8	360.4	359.9	359.4	359.1	358.9	358.8	358.5	358.1	357.3	356.5	356	355.5	354.8	354.1	353.4	352.5	351.8	351.1	350.4	349.7	349.1	348.7	348.2	347.9	347.4	346.7	346.1	345.7	345.2	344.9	344.7	344.4	344.4	343.7	343.2	343	342.7	342.4	342.4	342	342	342	341.7	341.3	341.3	341	340.9	340.7	340	339.7	339.3	339	338.9	338.7	338.3	337.9	337.3	336.6	336.3	336.3	336.3	336	336.3	336.6	336.6	336.1	335.6	334.9	334.6	334.4	334.3	334.6	334.9	335	334.6	334	332.9	331.9	330.9	330.2	329.8	329.6	329.6	329.6	329.9	330.5	330.6	330.9	331.3	331.6	332	332.2	332	331.6	331.3	331.2	330.9	330.9	331.2	330.9	331	330.9	330.6	330.2	329.9	329.9	329.8	329.9	329.9	330.1	329.9	329.6	329.3	329.1	329.1	329.3	329.6	329.8	329.6	329.3	328.8	328.2	327.9	327.9	328.1	328.2	328.6	328.6	328.6	328.6	328.5	328.4	328.6	328.6	328.6	328.6	328.5	328.5	328.3	328.2	328.1	327.9	327.9	327.60000000000002	275.10000000000002	Average temperature (Run 2)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	360	361	362	363	364	365	366	367	368	369	370	371	372	373	374	375	376	377	378	379	380	381	382	383	384	385	386	387	388	389	390	391	392	393	394	395	396	397	398	399	400	401	402	403	404	405	406	407	408	409	410	411	412	413	414	415	416	417	418	419	420	421	422	423	424	425	426	427	428	429	430	431	432	433	434	435	436	437	438	439	440	441	442	443	444	445	446	447	448	449	450	451	452	453	454	455	456	457	458	459	460	461	462	463	464	465	466	467	468	469	470	471	472	473	474	475	476	477	478	479	480	481	482	483	484	485	486	487	488	489	490	491	492	493	494	495	496	497	498	499	500	501	502	503	504	505	506	507	508	509	510	511	512	513	514	515	516	517	518	519	520	521	522	523	524	525	526	527	528	529	530	531	532	533	534	535	536	537	538	539	540	541	542	543	544	545	546	547	548	549	550	551	552	553	554	555	556	557	558	559	560	561	562	563	564	565	566	567	568	569	570	571	572	573	574	575	576	577	578	579	580	581	582	583	584	585	586	587	588	589	590	591	592	593	594	595	596	597	598	599	600	601	602	603	604	605	606	607	608	609	610	611	612	613	614	615	616	617	618	619	620	621	622	623	624	625	626	627	628	629	630	631	632	633	634	635	636	637	638	639	640	641	642	643	644	645	646	647	648	649	650	651	652	653	654	655	656	657	658	659	660	661	662	663	664	665	666	667	668	669	670	671	672	673	674	675	676	677	678	679	680	681	682	683	684	685	686	687	688	689	690	691	692	693	694	695	696	697	698	699	700	701	702	703	704	705	706	707	708	709	710	711	712	713	714	715	716	717	718	719	720	721	722	723	724	725	726	727	728	729	730	731	732	733	734	735	736	737	738	739	740	741	742	743	744	745	746	747	748	749	750	751	752	753	754	755	756	757	758	759	760	761	762	763	764	765	766	767	768	769	770	771	772	773	774	775	776	777	778	779	780	781	782	783	784	785	786	787	788	789	790	791	792	793	794	795	796	797	798	799	800	801	802	803	804	805	806	807	808	809	810	811	812	813	814	815	816	817	818	819	820	821	822	823	824	825	826	827	828	829	830	831	832	833	834	835	836	837	838	839	24	24.2	24.2	24.2	24.2	24.3	24.5	24.5	24.5	24.8	26.9	32.200000000000003	40	47.5	53.5	57.8	60.9	62.8	64.400000000000006	65.400000000000006	65.900000000000006	66.2	66.2	66.3	66.2	66.099999999999994	66.2	66.2	66.400000000000006	66.5	66.5	66.5	66.7	66.900000000000006	66.900000000000006	66.900000000000006	67.2	67.2	67.3	67.599999999999994	67.900000000000006	67.900000000000006	68.2	68.599999999999994	68.599999999999994	68.599999999999994	68.599999999999994	68.599999999999994	69.599999999999994	69.8	69.8	69.900000000000006	69.900000000000006	69.900000000000006	70.2	70.3	70.099999999999994	71.2	71.2	71.599999999999994	71.599999999999994	72.599999999999994	72.900000000000006	72.900000000000006	73.3	73.599999999999994	74.599999999999994	74.599999999999994	75	75	75.3	75.3	75.599999999999994	76.7	76.7	77.3	77.900000000000006	78.3	78.7	79.099999999999994	80.7	80.8	81	81.099999999999994	81.400000000000006	81.400000000000006	82	82.4	82.6	82.7	83.1	83.5	83.7	84.4	84.7	85.4	86.1	86.7	87.3	87.7	88.5	89.4	90.1	91.1	92.1	93.1	94.3	95.8	97.8	100.7	103.9	107.9	112.3	116.7	121.7	126.8	132.19999999999999	137.5	143.19999999999999	148.6	154	159.19999999999999	164.2	169.1	173.5	177.5	181.6	185.6	189.7	193.7	197.7	201.4	205.1	208.5	212	215.5	218.8	222	224.7	227.3	229.7	232	234.1	235.8	237.6	239.1	240.7	242.2	243.9	245.8	247.9	250.2	252.9	255.6	258.39999999999998	261.3	263.89999999999998	266.7	270	273.8	278.10000000000002	283.2	288.8	294.10000000000002	298.60000000000002	302.7	306.39999999999998	310.10000000000002	314.10000000000002	318.2	321.8	324.5	326.2	327.9	328.9	329	328.9	328.4	327.9	327	325.89999999999998	324.5	323.89999999999998	325	325.89999999999998	326.89999999999998	327.9	329.3	330.4	331.9	333.4	335	336.3	337.1	338.3	339.3	340.4	341.3	341.6	342	342.7	344.1	345.7	347.4	349.1	350.1	350.8	351.8	352.5	353.5	354.6	356.1	357.5	358.5	358.9	359.2	359.5	360.5	362	363.6	365.2	366.2	367.2	367.6	368.3	368.6	369.6	370.6	371.9	373.3	374.4	375	375.7	376.6	378.9	380.7	382.7	384.4	385.7	386.1	386	385.7	386.4	387.4	388.4	389.4	390.1	390.8	390.4	390.1	389.4	389.8	390.7	392.8	394.2	395.2	395.8	395.3	394.8	394.5	395.3	396.9	397.5	397.9	399.2	399.2	398.8	398.2	398.9	397.6	398.5	400.5	402.9	404.6	404.9	404.1	403.2	403.2	404.9	406.6	408.1	409.7	411.3	410.6	407.6	404.8	404.5	405.9	407.9	409.6	410.4	411.3	410.3	408.9	407.5	406.2	407.9	409.6	410.6	411.6	411.3	409.6	405.8	402.5	400.5	401.2	402.2	402.6	402.5	402.2	402.2	399.7	396.5	393.8	392.1	392.5	393.1	392.4	391.2	391.2	390.9	389.7	387.4	385.7	386.1	387.1	388.4	389.8	389.2	388.4	386.7	384.3	381.1	378.3	376.3	374.6	374	373.9	374.1	374.9	374.9	374.3	374.1	374.6	375.6	376.7	378	379.1	380	380.4	380.3	380.4	380.8	382.1	383.8	385.7	387.4	389.2	390.8	391.8	393.1	394.6	397	400.2	404.2	408.6	413.3	418	421.4	423.5	425.1	426.8	429.1	431.5	433.9	436	437.9	439.2	440.2	440.9	440.9	441.3	442	443.2	444.6	446.6	449	451.6	453.9	456	458.6	462.4	466.8	471.5	475.5	478	479.6	479.6	478.8	477.5	477.2	477.5	478.2	478.6	478.8	478.9	478.9	478	476.3	474.2	472.7	471.5	470.5	469.5	468.2	466.8	465.2	462.7	459.8	456.7	454.6	453.7	453	452.7	452.4	452.3	452.3	450.5	448.6	446.9	446.6	447.1	449.6	451.3	450	448	447.3	448.1	450.1	452	453.8	468.8	495.4	515.9	528.20000000000005	536.4	541.4	542.79999999999995	543.5	544	543.1	540.5	539.4	538.29999999999995	536.1	533.70000000000005	530.4	527.1	524	521.70000000000005	520.6	520	519	518.6	515.6	511.5	507.1	501.7	496.5	492	488.9	486	483.7	480.9	477.4	474.2	470.8	467.8	472.2	472.5	469.5	464.1	449.6	437.4	429.5	423.4	418.7	413.7	409.3	406	402.9	399.5	396.5	393.5	390.5	388.4	386.4	384.1	381.6	379.5	377.7	376.7	376.7	376	375.2	374.1	372.9	371.7	370.3	368.9	367.9	367.2	366.5	365.7	364.9	364	363.2	361.9	360.5	359.5	358.5	357.3	356.5	355.2	354.5	353.3	352.3	351.5	351.1	351.5	351.8	351.8	351.5	350.8	349.4	348.8	349.7	350.8	351.8	351.8	351.5	351.3	351.1	350.8	351.8	352.1	352.4	352.7	352.1	351.5	350.8	349.7	348.7	348	347.4	346.9	346.4	345.7	345.4	345	344.4	344.4	345.4	346.4	346.8	346.7	346.7	346.7	346.4	346	345.9	345.7	345.4	345	344.6	344.1	344.4	345	344.7	344.6	344.1	343.7	343	342.7	342.4	342	341.7	341.5	341	340.7	340.7	340.7	340.7	340.4	340	340.2	341	343	345.2	346.4	347.4	349.1	351.1	352.8	353	352.8	353.8	354.5	355	354.9	354.7	354.4	353.5	353	352.7	352.1	351.3	349.9	348.6	347.7	348.3	350.8	352.8	354.1	354.7	355.2	355.2	355.2	355.8	355.7	355.5	355.5	355.8	356.4	356.5	356.1	355.7	355.2	354.8	355	355.2	355.5	355.8	357	357.8	357.8	357.2	356.4	355.5	354.1	353.1	352.1	351.1	350.9	351.8	352	351.5	350.3	349.1	348.6	348.1	347.6	347.1	346.7	346	345.7	345.4	345	346.8	348.8	348.8	348.4	347.4	346.7	346.5	346.4	346	346.7	347.1	346.7	348.1	349.5	350.5	350.9	350.1	349.1	348	346.9	346	344.7	343.8	343	342	341.4	340.7	340.4	340	339.6	339	338.5	337.6	336.3	335	334	332.9	332	331.2	330.2	329.2	328.2	327.60000000000002	327.2	326.5	326	325.89999999999998	325.60000000000002	325.2	324.5	323.7	322.8	321.8	321.2	320.5	319.2	318.5	317.8	317.10000000000002	316.60000000000002	316	314.8	314.10000000000002	313.10000000000002	308.10000000000002	306.7	302.7	Time (min)
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