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1. Experimental section 

1.1. Materials 

PVC powder (Table S3) was purchased from Wako Pure Chemical Industries, Ltd. (Japan). NaHCO3 

(99.5%), NaOH (96%), KHCO3 (99.5%), KOH (85%), Na2CO3 (99.8%), K2CO3 (99%), NaCl (99.5%), 

HCOONa (99.5%), dodecane (99%) and 1-dodecanol (99%) were purchased from National Drug 

Group Chemical Reagents Co. Ltd. (China). NaH13CO3 (99%) was purchased from Aldrich chemistry. 

In this research, different carbonates and hydrogen carbonates were used as the CO2 source to simulate 

the CO2 dissolving in alkaline solution, which is typically used for CO2 capture, and to measure the 

amount of carbon reactant accurately.  

1.2. Experimental procedures 

All experiments were conducted in a batch tubular reactor (3/8 in. diameter, 1.24 mm wall thickness, 

and 120 mm length) made of stainless steel (SUS-316). In a typical experiment, 2.85 mL deionized 

water with test materials of PVC powder (2 mmol equivalent monomer of PVC) and NaHCO3 were 

added into the reactor, which was then sealed and placed into an isothermal oven that had been 

preheated to a desired temperature. At desired reaction time, the reactor was removed from the oven 

and cooled in cold water bath (20°C) to terminate the reaction. The reaction time was defined as the 

time that the reactor was kept in the oven minus 30 min since it needed 30 min for the reactor to be 

heated to desired reaction temperature. Liquid sample was collected after filtration through a 0.45μm 

syringe filter. Solid sample was washed with deionized water for several times and dried in vacuum 

oven before further analysis.  

A formate yield was used to evaluate the reaction efficiency, which was defined as the molar ratio 

of the produced formate after reaction to the initial hydrogen carbonate or carbonate before the reaction 
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on carbon basis (Eq. (1)). The dechlorination ratio of PVC was defined as the molar ratio of NaCl after 

the reaction to the Cl atoms in the initial PVC (2 mmol) (Eq. (2)). 

formateYield  %  = 100%formate

initial hydrogencarbonate or carbonate

n

n
                            (1)   

Dechlorination ratio (%) =  100%NaCl

Cl

n

n in the initial PVC
               (2)  

1.3. Analytical methods 

Formate concentration and Cl- concentration in the liquid samples were analyzed by an Agilent 1200 

high-performance liquid chromatography (HPLC) system equipped with two KC-811 columns, a 

tunable UV/Vis absorbance detector for formate detection, and a refractive index detector (RID) 

detector for Cl– detection. The liquid samples were also analyzed by a gas chromatography-mass 

spectrometer (GC-MS) analyzer (Agilent 7890A GC system and Agilent 5975C inert XL MSD) and 

total organic carbon (TOC) analyzer (Multi N/C 3100, Germany). Liquid samples after isotopic 

reactions were analyzed by a nuclear magnetic resonance (NMR, Avance Ⅲ600 MHz, 298.0 K) 

analyzer. Solid samples were analyzed by elemental analysis (CHN-coder MT6) and FT-IR (NICOLET 

iS10). 
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2. Additional results 
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Fig. S1. HPLC chromatograms of liquid samples for reactions with different reactants (125mg PVC 

(2 mmol equivalent monomer), 3 mmol NaHCO3, 2.85 mL deionized water, 300°C, 4 h). 

 

  



S5 
 

 

   
0 1 2 3 4 5 6

0

10

20

30

40

50

60

70

80

90

100

110

 

D
ec

hl
or

in
at

io
n 

(%
)

Amount of NaOH (mmol)

 1h
 4h

 

 

 

Fig. S2. Effect of different dosages of NaOH and NaHCO3 on dechlorination of PVC (125mg PVC (2 

mmol equivalent monomer), 1 mmol NaHCO3, 2.85 mL deionized water, 300°C). 
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Table S1. Results of hydrogen carbonate conversion to formic acid/formate in the literature a 

Entry 
Carbon 

source 

Hydrogen 

source 
Metal/Catalyst 

Formic acid/Formate 

Yield (%) 

Other 

product 

1 NaHCO3 H2O Fe 1,b 1.8 -- 

2 NaHCO3 H2O Mg 1,b 2.0 -- 

3 NaHCO3 H2O Zn 1,b 36.2 -- 

4 NaHCO3 H2O Al 1,b 15.0 -- 

5 NaHCO3 H2 (60 atm) 
Ru-/Rh-phosphine 

complexes 2 

Formate without 

yield c 
-- 

6 NaHCO3 H2 (60 bar) Fe-complexes 3,d 86 -- 

7 NaHCO3 H2 (6 MPa) NiNPore 4,b 86.6 
CH3OH 

CH3COOH 

8 KHCO3 H2O Au-electrode 5 low CO 

9 NaHCO3 2-propanol Ag/Cu2O 6,e low -- 

a Compared to the literature1-6, our work is proposed the concept of using PVC waste as the 

hydrogen source to reduce hydrogen carbonate to formate. Herein, we report NaHCO3 reduction 

to formate by PVC with a 16% yield and nearly 100% selectivity based on hydrogen carbonate, 

simultaneously achieving the complete dechlorination of PVC in single step. The chemicals used 

in this work truly demonstrate ‘green chemistry’ without any toxic solvent, precious metal, 

elaborately-prepared catalysts and gaseous hydrogen. Moreover, the NaHCO3 conversion 

efficiency in this work is much better than those by electro-/photo- chemical methods. b Reaction 

condition: under hydrothermal conditions. c Formate production was showed by formate 

concentration in the literature.  d Fe-complexes: iron( Ⅱ )-fluoro-tris-(2-

(diphenylphosphino)phenyl)phosphino tetrafluoroborate. e Photocatalytic approach.  
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Table S2. Formate yield obtained with different 

amount of KHCO3 and KOH a 

Entry 
KHCO3 

(mmol) 

KOH 

(mmol) 

Formate yield 

(%) b 

1 1 0 0 

2 3 0 4.7 

3 1 2 11.5 

4 1 3 5.9 

5 1 4 5.6 

a Reaction conditions: 125mg PVC (2 mmol equivalent 

monomer), 2.85 mL deionized water, 300°C and 4 h. 

b Results obtained from HPLC analysis. 
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Table S3. Properties of PVC material in this work 

Mn 
a  

(g·mol-1) 

Mw 
b  

(g·mol-1) 

Mz 
c  

(g·mol-1) 

Dispersity 

(Mz / Mw) 

Eff. Rad. e 

(nm) 

Surface area 

(m/g) 

Pore volume 

(DFT, cc/g) f 

74,546 148,393 237,323 1.6 565.2 3.784 0.002 

a Mn: no. average molecular weight; b Mw: weight-average molecular weight; c Mz: z-average 

molecular weight. e Eff. Rad.: mean effective radium of particles. f DFT: density functional 

theory. 
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